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UJJ 


J-j-a-m 


jAA^I i$JJ^ La ftiajl XjJ^ 

(Jjl .- tSi-J ) 

uL^I 3 jlcjL* ^L<u ^ ^LAjI L AA* ^ UJJ^ J la 4 ;L=* c£ J JvA OiT ^ 0 

L> lii J-&J J_5 I ^jJ-a La L L-U 6 J < ~N \\ ,J jj^jLo L> L-U 6 J Luj 

(_5^jjii ^jj c^j-} I j-a jj^ ojjl-uLa. multicellular L j-a jjl unicellular 

jajLc. J L^S gjjj ^ijiaj ^—i L5L J-J J-u ^jJ-a (j Luj I jAi ^J-u (_>“ I J 3 I L>“^ La ilh 1 Lj UL^JlJ^ 
^-V S> I cj-Cu LuS Ljj^ j 1 Ai I oil Ijj ^ic. L ^jjlSjlx \ 3 Lu L cj La 

- e ^k 3 Lj l^-l dl3 ft ' A ft (_^u I ^-) 6 ja La* L^ O L ^jxj I S j/q j I J I J- * — a 

£^jlx> ■ j 1 '■ IA l.u Lu — 1 I w laj-l j Log "1 ^^jgs O Ls^j_Li_s --C J LxLo ^ L^Ilj I jini L_u a LAj I - ' J U ' 

^j-j-*_i CLiLj^t ^Ic. J \.\ jjl ^.SLA-il-^ L Cjj Ijj ^Ic. J a J ~*». Cj-iLo^. cA /-Jj-taj ^C-jliLo 

- *n l ; i^^s L lj T i- c* jjj-° 0*^1^ ^jgi 1 lj^a l ^ 1 " lj^t - 1 Pcilcioentolociy Lj ^Ic. l^ jJL-u^a 

-~A 3 i^rA<A J L^jA 1 05 ^ A Ja ufr“ 03 ^^ iS-^ ~d-cylts^J 4 J J J J-° 

l^ Cj Lc^j Llli ^juj ^7^3 ^ ^ b- 1 ^ (S ' 1 11 n Jj^ a ^ -^- s J Ll_o ^_i_u J 0 

^ (^ (Jj) t ^ I aju^jJ, t 11 \ Ll ^ 1 A2^> J LjJJ c)^ I " 1 ^ ‘ n 

o“ uJJt^L?. j cJfr^ J-^ c^Lajjl jgi^iL-u Lj jLa ^ ^ jL uL ^ 

Selective Lj i_j!^-o ^jL^jj ^ ^jjjIaL^. ^jl ^1 ,jji ^jLo (,5^11^ j 5^$-° 

^Jij ^ - i A^ j ci> L j .jg -^j) 1 /~ i (Jg-u-i jj (Jg-u-i l- ^ l-u^ ^-\ 1 o breedinQ 

lj ^ L. jJ_A j LU-ci L° jj I iS I JA cAJ cy ^" 1 “ ^ I Cjj Lj ,j (3^-=^ 

jA_i ^Jj I I u\ ^£-A-‘ (_ g>-A-l^ ^g-1 LoxJ I ^1 jl-A. jj^jJ (J3-J J O Lu-^gggaA 

Jjj-u jjj jIaL^. ^-jggjjj ^-u j La. jIaL^ liil l _ s A»_i. Ljj^ i_A(C l-i-u ,jLL < 33 ^ 

Jjl l£ J 3 ^L=>. gljl S bj£ Jj-Uj ^jggjjgjjj^ jj I ^1 jLA. Lij-l 

f-^ JL^L?. 6 J J^l c^L?- JJ J^-iA J lcxi J-aSLo ^ I jj£ ^1 

UJJ I Cj L. I jyJ- Lj Llag> . f\ ' u ^s. L cii Ijj j»-Lc. JjJ-^t- ^-i \-^. j-l J^C±J <_}±a 

AOA-^ A cA° ai-!^ AA?^ ACA-c^J u^-o-«Lj (H^ JA aiJ^L^. ^ 

cA^ ^.l£Lj <3^-0 ^Ai j C3A ^ (_jJj jgj I ( _jwoL^. f L^jj I jj I ^ Ifs.^. ^.l^Lj 

-c>A 

J^g_u I ^JLadi 3 J ^ T t u . — 1 /j 1 "i^ j I 1 1 1 Lj 3 1 j^\ j I 

cA-° C^ j A- u lAA ' ^ 3 A cA 3 ^ cA^Ia- ^34 jj ^ 03 ^ 3 ] ^ Jg-A 3 - ^ -* “ I e^b cd*A cA 0 
cA-° dA Ul 9 ^>I ^ b A)J cA° UA^ f b^ I Jl 5 * cA cAr 1 ^ ^ AA cA 3 ^ j 

^ i n^> jj I j3 1 ^_jj^ ' 1 ' j jj 33I csaa A ^ 1 " - ' I a lj I cA^ aa L3-) Melanin 

3^ 3-i Cj-ojiLc. ^3^ l _s^ I^yu I 3-1 b-J (^-A I J- a 5 La «: Lijj I I . ^ ,_A-f-j Ltxu I ^ lA J I -CAj 


J 
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jj Lfcj Clu-ujJ jj) t i Luu (Jj^jj L j 1 j^ j^ I £^j-L ^-t-u L ^jJyJ ^-Aj 6j 

^Jjj-u ^jj^_ i I L ^j^-j 6 1 j < u ^ Jt -u ^ujLj ^j-^L-o J 1 ^ lJL 5^3^ ^ ‘-L jUO l^i^ 

c^rt jj? \ ^J L£ jLl^ L J < La < 1 1 J j > j ^ ^ Jj-SLiu Lii I 6 j V 1 ^ ^ 6 jLj 

J-J ^ cJvi o±° 0*^ 3?- ufr* ls 4 ? 4 h ls£ lj^-° cJ u 4 * c£ J b * J L° i^bi ~i 

Jaj) n ^ a.u 6 J Lj 6 j L ^Jj^ J l4 < n ji_ 2 k. ^jjj LuuJ I jj) 1 < u I l*v^k 1 < n^ 


c~W Jb ebj-° cf* a>b J fj^ JiJ £^4bh“ ^ ^ b*4 b"^ ^ *J 

c~W cA>° Jb -^ej JlS^ cl9“^P cf> fJL JjLLo ^ jLia. ^jJA S aa lAH 
Jj ' n^ J I'n Jj -B.J 1 Ll J I i^ (j-Jj AS 1^ Jjjj I J JJ L&A. ^ ) L-u ^1- ^jJyJ ^ Jj^-^-l JJ J ^ T> j ^ J_u lS~°^, ^ 

-t_y^ Cuu i ale. j (j i s> i 

^jj-o 1 794 ^ I J I J ^ ^ju I ^jJy-j jjj I J ^Jj-Li ^-i ^ Ll^ *~d ^ *—* 1 L > 

Jj*\ n n Li CaSj ^ aJ LuAJuO ^ua J^tulll-ui ^“^-j L- 1 ^ tS"^ C^ -1^- L^- 1 Ll^ 

o-i I j-j ^i ^jj-o 1 (_^j LaO L j-ij) m i^j I . ^_i j-^-i i-^-i I (j-u I - Lli Lli 0^(4 jj^-°-° 

(_£_&_! im j^uu"^ jjjjjj-i 35 - j^J 1 i-^j I J-allo-o t—sjj.^. 26 i-^-i I -J>i*-i 45 ^ & j 
£ 2 _&li ^i J J jAi p I j_p- I O t— i-i ‘ * ^ 1 ^ i it t 5 C,lA -1 i Sj jj^ 6 i flj i si ^_i 

J Ll ^JXI I- Jj^ fl fl 1 1 1 1^ Lj-1 ‘ 1 > ■> ( - M J ^JXI I J-Aj Lll 1 p Ij^ I (J I 


^1 ^ ^ ll&jISJ l£ 


^-1- Ll^ JjJ J_j4*_l .- ll^t L J-U It i^-l I V lj JjJ-IJjJ J I jj Ji_l L-U K I Vi I. . ^JI'l^-ci Jj-u j jj I 

6 J_j-^. t_Sj-<-a (_j--A-i Ol j J L-u JjaJ_ij-i ^jmj 1 1 n ^ 1-U-ci OL^ ^ Q-*i4-i L_u ^ Jj'n n n Lj ^j^-o uiiA^ 

J jj^i I - J Luu ^_jj I (_ju J j-a£- J^ (.5^ 1 ^ '~— i 1 - O^- 0 j-ij) JJ ^ 1^ i Ou-uj J i—Sjj-^ 

- ^ t-ilr c Lajj I jJij ^ ^ ^J-U-fi 

[yS. 1 b^“ ^ ^ j-^ ^ f LUa (^-<^1 f 1 <s n J ^ * i j34 ^ *-^- 1 u L^ 

O Sj-la ^JJJ-UJ J ^ k_i^ £-} Li L^ Ll I J I J I io l^ ^yj I J-l Lai I J Jj-U ^sJ l yu I I Jj I ^ Li L^. 

LiU [yS -^u j LiJt_a Ij-ijJ ^ J^. ^ ^^-i Lz^. ^ J Oj£-J j-u C5^b^ L-)^ 0 ^-J-oLs-o ^ VH"^° 

^jLlLa^-o cA J-iJ-iii ^j-i-0 ^jjjjjL^. uia. J^- 1 £^ jLJJ J-^i fw ii ^jl il tW n A - ^ ^ 

( jj J I A Jj I jj I J J l^-lj J-Llj^fl Ll l£ J L-O J 1 1 I J-^£-_l Ll ^1 ^J-iy_l ^J- A l (J-tl-l L-u ^s-l ^ ^ UlB. 

jgjO- a j .i ^tlijl l£ Jjl jj j-}Lla ^lxi Lij^ ^Jj^j j-jLla jloLi. jjjLi-ojJ ^j^ JjLj-ojJ ^ 

^^e-J- 0 ^b-°J J is£ LAV ^ “^J- 0 -b>^L> J-^J^ ~i- b-} 

-Oi^ 

^A ^j V l-l V j^ ^i^L-o p IaIij I (J-jLujI j^ J_i_aj3 1 1 n Jjjj ^i Jj-i jj La Liijl . — a j_I-~— i 

cb^?- cbj^ c^be c^i jiJ u jb cbj-j iJjju jjl ^ ^Jlj ^j^ ^bj J ^ I ‘ ".:> 

OuLi ~n i La J l^ ^jxuLo Jjj ^a ^jA-a A*-i ^ >_'■•>>. Li^ Lj jIj^ j^-ol J-^ l^ j Lai I j^ ^^jl-AJ liil 


J 




I jj^lj 
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£*'\ j j > I j < > 1 £■ L&Jj I Lj-Oj J ^ Ol 5«) ^ ^ ^j J CjJ L P L&Jj I i £> t ^ 1 

L" c^j ul 9J^ t>?“ e ^ 1 J4 UfH ^bj J lUu u* Jl 9^ J^b^ cS^b-oj J Jl 9 ^ 

(■ LSjj I ^_i j!a_> La! L^ ^^.a-i ^— > I — 1~>. LaI L j j Iji i "oil i *s '< 1 1 1 n L M ^-Jaj lj lj L^ 

OjjljjLa. jjL ^JJJ oLLjJ *-£i £l S yy» !_& ^ JL Culii 

. L ^ L^ LJ jL c yxu^ o^L j^* -1 - j j b '* 1^ p LLj I j-Aj j-> oh i^J-L p^uLa i^i I i^i I 

^yj-) ^Jj-O ^L-ll cyu r- p-uj-l lill ^p^-a. >_u II ^ U If ?LSlljl ^-IjJi-l Lij^ 0-1 Li l-Lia. 

U-iJlH b*" ^ L. L< pi I p p> p La. (_£ J Li ^ n a. >ji-u 9 J jL ^ na. i-^j I I pi^ 

^j-i-o <j ^ pao d. i ^*j^~ ^h - 1 I j- 1 La_> CujjJ pLSjjl L L^ o^t - 1 o‘-** , "b I (£j 1 s^La. pul £p-b 

-p-A_i ^-jjla. pi] pojV (jLLol 

ouIj pao d >aa. pjjLa. juI.^jS otsLjj pao Luj-O-i I (J-i-u^i L o^L ^j-a ^ p^jLa. pj 

/- -> ^LujI I Evolutionist L ^LSjjl j^L^. ^^uL^o^-i 

^j ju - l 3 [j-q^ ^ [_^- ^ 1^^ ^ I o L. ^-i L-oj j Li. I p Lo^ I Lau I I 

Cj^= lJ ^^ 0 Jh 1 ^3^^ 1^ (_>" I '- T> j L& J l^ i t_£f-° -i JL - 1 o^LI 

^-A-i _y£- c^ 1 1 JlS I I A i O ' ^ ] y-u I 09 1 Lh-i 1^ 

I j3 O^jj 1^ s LSlj I LiU I (O-^- 1 JL?- 1 i-^ 1 O Cj^ 3 (->" I ' Ji ^ ( — J 1 If ■;'■■* ‘‘13 *-^ J)*^ 1 n 1$^ 

-Kj-O ^jAySi 

liii l^ jjLxui Nebraska L l^a . i Ijjgj ^ c3 lx^ I 1 j 3-° ^LSjjl ^Jyj JLu 

lii I ^ojjL ^ Ljj jLa-O o^-° ^ I -o» I jbl o Lu-i I j 0^3 -9^ jL»ti I ^ ^-° I ^ 

j^LL k_u oqa.~>. ^_i- ^ ~n 'La j i-^j I Lila. LiLo o^I- 0 L>9 o L^ j^l ^ ouIj 

,-Ij I lj ^j-A^j Cfiio ^J-U Jjj>^- L iiLa. LJ ojil-uLJLo ^o-uj-i ca 

^_jj^ j-&j jb ‘-^ j i - <jL~i pisiji L La! Peccary L J^-° Lj-^ jl?-'^ 

-Lo j-j 

j-j j-j LL jj ^ Lufl I j I jj La. ^.j > . sl*i~^ o ij^l L jJj-uj3 L o Li La (£jy^ oL.la.-a 

S ofr^ ^>b (50!^ ub-°J J £ UJj'-bL- 0±* b ^i^jl J^-° 

L pLj-a ^alc. j(jl < ' a. J ' J jjjl LiJ jl__>^ OjL ialc. j-Aj O'.a.j-r-B fLSjjl 

j^ajL-^ i-jjL- b^ oub Llf oj-o y jiiLu jLiLu ^ cs^>“ u^° Paleontology 

jjLLo J, Michel Denton L 

— ^ l-a-f- ^jl*_o L i^j i > I Ijl ^LLal o^-° Q-spL 1 1 J^-aa-^Qaa L ^-i l.ix^-aj I cA?^ Ji 0^°j M 

L Missing links b ( j L 9 l .< Jiu ^Lojj - Lalj I . — a^vi-O jJ L u £-3 OifiL jj ^ Lua I j I o La 

L ^ O'.L.'.aa.- i-A-i Jl 9“^ Ul9jb ^ ^ Luaa. ^bj L. Li^ ( _jLiLa yc. Li I jj i s> < 
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jj CisLjj < 2 hL)^ i^jLiajj *~d od* Evolutionary troo L j \ y \ j ^IaIjI ^.Lu j_g^ ^jjjl jjL>. 

-" Juua 

^- < \ i Vi^> jjl ^j-i-o ^Lajjl OoGlacanth fish L ik-au ^ jjj^L*. ^ ^LaIjI 

ftj < ftj ^ I Jill jjl ^j-aSL i L (J-clvci Li ^g^ l> u ^' Lj-s (_jwiLlojj l^jI jjLi^jj ^j^jl jjL^. 

JLlxi 350 ^. 1 . ^ L&j L£ 3 £.j pLaijI jjl ^^j-j 

Cu 0 file a_u 1938 jiii ^j-£g^ jj (Jj-ljj JJJ L=». ‘■^j I cJ lj UJj ftjj ftj jj I ^jjjJJ* jj^-i I j 
(_£ jfLi ^L A.'^-a Jiaaj& I I) 6 jj j ikj I ^jjj j ft •> fi ^J 3-^ L-u ( _gAj_C. a ^Ai jj I (_gjjla. — LiS j^ 

- ^gki. JJ 3^-^A (jJ-o UJJL^ i-?" ^JJ-H |5 J (_s> I &-> a ^ ^-Aj ^.Sk. ^a ^J l _^-o Li. ^ a Laij I ^a >_A 

^t_u 3 Ljj ts^ o I ^ 1 *‘ > 1^ ^ I & ^ a ^yj I *kji jj ij^. Oomoro L jjj^^ . — u ^a ^aa jaj 
£-) ^g I UJAi Ajjj^ j I II j^g-ly-l 3 L-U JjJ I a 350 s—i s^A ^~AA ^-J-U JjA^_> ^.J J ^ 

jjl <-^1 ^ 03^-°^ ^Lfljjl Cj^= 0 ^ 1 - [>J ofr^ c£3^ Od* lJ^- 0 0^1 jjl 

-L^ lj^ 

^jS^g^Ai j_gJ lj ^ 1 -?“ Jlil JJJ-^ U^“^! ^ i>?- Odd U*r^ UJJlJ^ 3^ 

cJri f-^ UJJ^^ ^ c>e-J ^ iSJd^ Lj 3 -uji c^I-^ 3-0 Ljffj 

^ LuiJ I ^j L-Oj J sS* ^j ^ jjyi Cu Ij ^g ^ ^ J^ji c^juo 3 jj^J o^ I Jl 5 I ^0^3^ 

- ^i-i jljjL^. ^JJJi A3LJ ^JJJ iJ^Aj 43 t^° 

j^g^jjj ^jlxi Inorganic compounds L oL^jj> j^L^L jaL ^S. ^ Lij^ elajjl ^jjJaj 

J>) ^ jj^j Organic compounds L oL^ ^LoL J\ 3 

^gjLoL jj£. (_g^Ai Jaj 2 _iljj jj ^.Loj ^jljjjjjjLu ^jaa ^jjjlS ^~ijyA*A ^jJjJ J Q^> ^g^ LuJ (j^j ^ 1 
. ^5L 11 dr 1 "^- 1 - 1 diL^jj> ( _gwiLuiL (^gwojV ^-jJ j_gS jjj oL^jji 

^AJjAA. ^A LjJ £AAi £_\ ^jj I JjJAJ Ul'iiv Vl (_g^ jljjL^. l_^jl ^A LaIi LliL. Ujjl^ 

L^ 3 jj 1 i j_gj!u^ J jjl fjj Ja Environmental adaptation L oi>LLo ^ 3^^ 

l^ lJJ-) £ri5-l c^-i --J ^ (j^-° Q 1 1 j JjJ J ^j-j I j^la I j (_gwo ? LSjj I 

^ LaJ- c Saaa> L^. J l^j I l^ Jj^j ^A I jl. Lli J Ljj ^Jjjaj I ^A Li ^£-ajaaa Lo 

<s^ LJ^.L JJ 1 U' ^J 1 " 1 Lj jLL=. ^jAS 6 jL (.gliljj Lj ^1 JjI l£ jjiiii.jJ Jjl UJ J J^ 

j£ ^ J-^ ^ pISjjI ^ujj Ja Adaptation to external environments L okLLo 
1 _jq i ii l^ (_gjj Saa ^jaa ^\ ^jj I (_£j ^jjj I jjk. ^g-Ak 3-* [>£. ^J Lii I J 6 Lii 

c:' Od^ (J j ^ O^ ^ <^r) lS-° c^i lJ^- 0 ^3t*-J ^L^aI £gJ ^ ^jjjlj^Li. ^ ^ili 
caaajj j^LpLi^. *j_A i_A^ ui3jl^ ^Ll^- 0 l jii5LLj.'.i.7^ j i j ~^. ^Ujj d^Ail 3^ 


^gAl^ ^jjjl jjL>. I ^l j^j I l£ ^jjjljjk. j 1 ai q I 43 r^° Evolutionary tree L 

!^a LJj^. La l£ jljj k 6 J La ikj L LAi L J j Jj^_a I I ^ A ^jjj I J J ^ ^ A > . S I" a ikj J^. 
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lOV y ^ ^3- ljj J-°Jj^ <^44 Ijl 9 -^J- 0 U4-° ^Li I 

^S -° ^ LS-b-^ £$LSajI lS^ Jijl J-^ 

f l 


yy Ujj -ij-^-j jLl Lb^ ^1 <3^ (S ^ b 6-iL 




L UiiJ^ Ll iLu ^ CaAaSa. ^ , , . ' ' I ■ . ■ 


jj^ ^lJ jjl y Il£ o-oj-o jjL cs^o* 1 ^ 43-L^ 4>l y^ DNA ERRORS L cs^b 
c ^ t- LSjj I I y U l<~ p LSjj I ^ijJaj Ojjj jj j-a L c L I ^_i < LLj cA$^ lj4t^ J 4444 

. L&4 ^*44 Li Ljj jJj Jjj L 6 J La ^_i y (_^Aj ^^LLi J-J-uj j I jjLa. ^_i Jj lj(j J 

a flj-la ^£^ y^ In ^4 ^uu ’^ =Lj ^ Cj L 44 L L \y jjjjli I^jljj^J L M ^ a L 44 I J ^ajJ&4 L 4 Ci I a^L 

^4 iJj Jjj yy L^ -1 ^ [ 5- 1 J LaLL 1 1 1 (J-i La Lj lLj I jj j_jJa <_£4 LIja ft Lu ^^La czi LS"* ^ 

^Lsiijl ^4jJaj o ^ - ^4 j^^L. (^4-^3^ Entropy L ^- < \ U^ j ^ ciIlL ^L'c^a 

( _£w 44 ljj L ^jJjI.uLl ^.Lu yy CuAAflA. L-A ^ jLLtl I Cajjjuua ^ tW I 44 ja> J ^4 l-L-a 

r- £■ j 1.4.14. 1 Cijjjuua j4^_4 /-J I ^ Lji_l L j j L.J14. 1 Cit Lji. L L^-i I JCj J J 44 6 J La 

lJ 4 -° 45t^ 9 LJf*^ ls^ J)J I CJ4 -! c 5^JL5-J f-J-^*- 0 ^ ^ Jj^.j ^lxi 

ClA i 1-U-a JUL ^J-u CL?^ ^ d >4-u9J ^jiiSLa Lii I J L CiLi^j^. J^. ^Ijiaj l^ «; Lfijj 

6 j j-$ ^ (Jj4^a I ^-j-u.lu Lu LiL J l-i If ^1 jiaj l^ «; LSjj I ^lm y^- 1. lAlZj ,_)4v^ 

. C»Aj LU-a yjj y$^ LS ^y-j-iti .1 Lu lii I y L L J l__)i Li If ^_i jJaj 

^^u^aj I jj i_>4^ ^u-u^>- I jl-L La». ^ tS~ J ~ a ~ u ^- uu (£J ^ Ci L ^ju I 

L CL Ijj ^-L jj if 4 -j- ^ 3)4^ 45t^J (Jj-uj ^j_u 3 ^ y-j J-°^-° J l-J-*4 

0_>^° l — ^ S_)-L Ci_j o^4° lX 90 ^ ^4 L. i_mi J I J- * — a czi l b U ' ^ * J 'J ^ 

^jLU ^jM-t LLi. u ^J- 4.^-4 u_J^La yJ-iXl^. < ) L-a £ ^ j 1 1 ^ I J 4 L^ r* y mq J ^ I ^ i L a I ^4 ^£-^- 1 - ^4 

I Jjj ^^-4 y Lj4 I Jjj J-\ -t ^-4 Sr^^L-O yJLul^. c-Jb JJ I j-i^- ^ 45443 (J-4-U4 ^£>j 

O Lu 4 I — LU-4_a-4 ^JUU Lu4 1-^1 43“t43 C 1 1 ^ (J 4444 ^£^4 ^JC_ I a j ^j4-^-4 ^£wj " ‘ ' ^ < >— ^4-)^ 

J4 ( _£jjj44 J44S j\l D< (_£^ ^1 (_£^ ^jJjIclL^ (_£^44 Ijj. L^ u^4 I I Vl < a j yjj JJ I ^4 Lj^ I Jjj 

Lu4^. ^ 4 L a I y-^-1 I J-44 ^uUUufl ^£0 Ci4 I ‘ a I" "v /\ ^JLU ^uUUufl ^JJJ I j I Ju Lk ^44 ^ aN ■ , 1 ^4 

“W ^4J) ft ->< ^J. 3 Lu 4 I ^JAJ ^Jijjjl 4j U yi 1.4.1A-k- ^4 ^j-’La.a L Lj^ I J44 (_gj^4 yjj 

C>4-! c^J 4 U ^-“4 1 jAi * J l£X cP^uu Ij 1^4“ c^JL5A“ J 4“ 6 ^ J - u ‘ J 4“ 

L^-i I yjj y Lb. (J J4 yj J Ijjl4 ^J4U4J44JJ^ ^—1 ^4 ^-4 l _^4$-J ^J-14 il ^£-1 Ll'lir^. (_£j4 J44 ^—1 

^1 ^AUJJASJj^ I ^ Lj^ ^—1 J4 J44S aCL4.La.rak ^ 1 J44 -J^T^S J ^ Li Li. L ^-LUlS yj 

jCl ^ ' l iL Juu44 j_£^ ,_ju I J-&4. Ll4j a_)4y4 j_£^ (^4 L4 I J44 ^ Laj 4 I J4 ^ L.J4 (Jj-lL J I JJL4 

^ljJ=L4 (_£kA4 ^liji ^_1 C44 btfH* b ^jILLLLLL^k c^i lJ4-° 45^5 lUL t^4 cA34 

'04 Lb^ °4^ 4=^L JuLjJ^I L a LaL>l 


I ^Llj 
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^ ^j-u j L o ^ Lj I _jj jj I ^ Lifs-j .I L^ L£ I jaj ^-^.u Lj I _jj ^ j Lo L^. ^ 

lJ^- 0 (.^^1 45^ od° >- ' - V^ ^ Jj 9 -ji 9 c^> 

^>-=>. jj ^jJ-o O Lii j^. ^ J$j=*.j-o jj^. (_j-j-uj I *-^ I ^ ^-u iS~i^ '~- x i ^ 0 ^ J^- £d -^“‘J -0 J-J 

4^* l/'I ^ ^ cJdr* 03^ -^J- 0 J-J ^ J-J -Oe-J- 0 

Virtual particles Lj oljj ^^ a^Aa . ^ o iLj Lla^j o L ix ^ai) i ^ ~\ 

^ ^ eP*A J-J Jd-^ i_*-° tS L[£ J^xil 6 jLjJ jA* jjl c^i ^ i_*H e^i iS-^ 

6jL>jj jA* jjl jj tsS^* lA>^ J* j^ j yjj ^ f-*-^ j^L Jr-k-° i5^L£ a 
^- o CL) Lj c\ cs Lj ^ < . i w^ '-2 JJ ^L^J-J J^aj-o ^Jj-o oLLiL£ J-J Jjoii iA-° ^1“^- 

Ou Li i ale. J S* JjOjjJjj-i I i__3 I L> p LSjj I jiaj ^ 0-1 Li Jj^kj C^ I Jj -1 *— u “ 

O lj i J Lo ^J-U I ^ Jj^k^O ^jJ-O O Ljj 1^ ^JJJ I Oj^ ^ l UJ I l-^-l I ^-l * -i- i _^J-l ^-lj^ 

^_i ^ i ii ^_i Laa. ^ i ii 1 1 Lu ^ - 1 j i l£ o Lalij I , ^ ‘ i^- ^-_i ^ ^ 1 1 * o Li-i ,_-5i I j_u 

-c^ LiL jlji iai£ 


J (V® k^ijl 
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LS^ a"' JJ* t>%be' '-^ iSJ3^ Lj pIaIjI 

(fJ J 

Lj j-?L° j V" 1 " ^ ^ ijj^-^ J>^“ ftOoe- 0 

U1I jL *£,1 ^ ^ uii^o ^ Evolution V L£ j^l J^ji 

^Jj) I l M I l II ^ L_Aij I jJJ V Li^ i^gjJLA £~l-U CjLj (_J-U I k_ll ( __)J-0 

^jJ-0 J-l LjJ-$ ^-1J £ lj^ ( _£-A-> l< ^ O ^ L^SJ Cj-LM \j 6 l__>J i£J^ ‘ ^i*>l l^IaalO 

^jA ^J-il J ^£s^_J >!'"'— i ^LAjj I Luu-J I ^£wA-i .__\/ l_ ^ 6^^ J-i I 

-"^UU 

Lj I-jji9-j 1^ pLSjjI jAj jL> ^1 

LaII j L i ^ \ I ^a _li^^ ^jAaaj-u ^ i i jg \$ja 
pLSiljl ^-ijJaj ^..AC. (J-i-ujA I ^il I *S < I 1 1 n L (_j>jLL0jJ ^j-i-o plAijI" 

"-^ cS4j fl^Li ^ 

£ Lajj I ^—i jJij jjl^J L Jj L^.. ^ Li L j l__>A i ale. ^_i jJaj l£ £ LSjj I j-Aj j L> iii I ^jJa I 

L^ 1 Lig r ii ji-j I JjAi'u 1 1 jj La 


j jv® oA^j^i 
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jX i ?i i^Xjuj Ll 1 < clS I CX 5 -) ^ ^ L^- Li^5* ^jAy-1 ^jy u MJ ^ t I O Lj I l^Li^ 

-"u4-! lS 43-! i_4-° f‘- , '‘ -‘ - <a (JJ'-'iS J £4-° f‘- , '‘ -‘ - <a *-^0 

j!_jj La* Jlj u Liu-ai; i<-~ia. j Luac. I (J-clS-ci Lj c4-° j L344 '— J C4 ' .3- 1 Ljjj (J-ac p LSjj I y I 

Mark Czarnecki h j ^jLo jj I j 1 n *n L_u pLijjjL^u 1 L< . u . j I ua ^-ujj ^s ~ * '• ^ 

(^juLuojJ jjl y (_jLlLo ^uui ^LaJ Jjl^-ij j$jy ^ ^ (J-i-u^i a J ' > n J^j Ua-a 

•40° JL?-^ c >0 °Lj ^j j^I LjG Lj^ y uj ^ Jjjlj l^ ^>a LiLo (jj^j Oja! ^ J=Oj-° 

y ( _j-Aj y& I J Jj^aj ^ *^J U L(4- c 4 Ljj ^ I J-a Cun I j a l_jJ j I jj La ^ j_j*jj J Cu^Ai 

e44S4 0344* 

e 4 j^lLo CujAj -Uj-o jZ JLp* £ oi^ O' LO-o offj Cj$jII La pIaIjI l^gL yy J-ujji" 

"- L- 1 ^ 0 < I ' y I J-a J^a. i_)JJ I jjLa J^j 1-U-ci y^. 

^ Oij'-^La J^jLLo cf> j-’j'j-^ 0 ' -i u - u jj L-u ^Lalijl ^ JLj j 3 ^J uil (^J-ujj^jj 

. M ^Lo ^^jyu JJ^jj L^L 3 ^ ^ c 43 -J Iau ju-u i.S '-^- 1 (_g>-uj^ ^ LuxS I 

L^ iJjS ^a. ji a L uj ^ j^jL 

^jJy-j (Jj-Ijj yLa ^.LuaI jjl ^.LuaI jjLa. ^ LjjLa. Ju-uji Lj CiLjjji^a. j^Lo y" 

y L^ L^ j I jj I jJiu QAiAa yu I J^uJ 

(jaa ydJ^ L y>j: 6 jLn ^j I JjLLo J, The Forbidden Secret v Li^ ^ ^ 
u 4 ^' J is£ u 4 -° i>?“ u 4 -j crw Base pair L j^a. ^ jjl (jj *-iLjj j^V jLI 

I Jj l^c I l^ l 34 ° uju \y yu I I J 3 -aj Jjja. ^ uja. y Ljjj i_u La. ^^jj L JJ uJjJa 

1 Oj_a_o ^ I ^jj I *-^j JLu < jj I a^AiJ I Li Ljhj t-SLj I i flj-ua ^ui 'jH u4^ 

l^ ^ujj ^jj-o v44>“ *-^ji 43^4 43-^ o' j- 1 c^'j^ Combination L JLuajl 

^ytxljJ.y l_ 4 v^ US 4 ClLjjl^ ^ ua LAj l^jI y-a yJLA ^jjijJJ ,jjljjj (jjjLjJ ,jjijJJ 

-c4 U^-o-oLj y y±a 

J-uj^i Greenling Damselfy L Jauuuj ^JLjj^ JjLLo ^ jj^L P LSlj I ^J jJaj 

yj I yL0 y-^jC- y > ' I y 434-J- 0 cjA 1 C ^ ^ ua y ^S-aLo (jalo j-uj ^jai J ij Kj j 

-Oj-J Ljfr' < 2 ^'j ls£ u4-° 

O'j^jai oui Lj ^La.j^ Jajil yy J I y jy y y yy ^j 1*001 1 ^ yL-u ^S, 0 bjjj 0 J$l 


Lux 1 1 C1-0 L_ua. I ^-uj y^J-cuC. ^jj I ^j C»jbA 4 


uj-a ^ 


La j-j Ja-iaj yy O^JJ^ 


.Lj 


44 cfr 1 


jj J^aoLj ^J jjj ^>} jL9j-°^ b jLjOsUa 6 jLjj ^^uJU Ijj Lj Ji!j yJ^, JL I 

. y lea y j^LJaSL^j y cOLta yi ^ Ojb^ Lu L^j-i La 

Llaja 1 111 


J (V® c:'-H)' 
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"-OH ^ £^W J J^J J-^J^ £ < J '' '* !■ ' IJ L^Lajjl" 
3 ^ 0±° y uL^-c^H *• ■ ^ JJ ^ 3 i^La^ Lj U^l JlS^ o ^*- 0 3 ^ 

J^iL c3-Lai ^ fJ^AjAjjfs Jjl e3j^ 3^ * J Ljj b^jJ fj^j-ajl^ Y <_>^bi 

- Ij_i I Jaj ^ jLJJ 03^ ^ -b La. ^jau L° Oi U Lau I £^jia jJftj- ^ i. . Q.L3 ai 

( _jJLll diLojl « -0 (_jJ Ij ^3. £gL ^jAO ^L ^3 j_j 3 Jji l3jl ^yXA 6 jLo ( _j3 I J J L ^1 Jjjl (_gj 

^~i 33 jjj l^j I 3 ^ I I j_g j.^g. ^‘s 1 1 1 j^ '"*'* 3 f LSjj I ^-j-ii^ ^_i a^ ^ j < ~n n 

Y Ij ^aJ 3 Ja ft.j J L jajj L i3j jj 3 xi ^jAsj 3 jjJ L3 £~iai !_>“ I ^ 3ft3j aj L ajU n ( _j^ai I 
^jaAJ Lai- L3 I Jjj J^ ^jai I I .3 a^ ^yj-*_l- Lftll ^jJyA 3^-°-° ^-ajj p tS-*J I '— 1 1 11 a-1- ^ \ 3 i n _$-} J Lu (J Jaj 

- , 3 i 1 1 j^ ^£aJ ja jjCyA aAJ (3 ftf i Iin Lai LaU I £gj^ *■ 3. 1 ^ I J^ 
jjJ ^gj-’^.a. l3jl ll 1^. 11 aJ ^AAijC. ^3 (JLlAI j3V l3->l a^ ^jAJ ^--j5s ^^-ft-i (_£j£-J ^ 33e*-° ^j 1 

J-lxijs jj I jj^jA ^jaoj j I j3 1 jj l j n (_j-uj £^ j_u * ^ ^jj-o ^jm^> Uj Ston© age b 

1-ijA-a (j-i-0 c^Loj ^1 tjij J^ uJ J J-° 6 J ^ £^J Ljj^ J-jL^ j j^j 

jj-i-0 ^u3j£. g bxi V i 1 1 J_i LAj g Lt-u i IJ -NJ ■ " (^J aaU jj I ^-&-i 6 ^ lj£ I 

* 5Li I iLaj ^jji^jl ^ 3 \ ^ 3 \ j j_j ^_i .••■ . . j i .- 1 1 dl f n \£ p lij I I. ^_ij_i j l^jJ i jj I j Lk 

. ^ biui ^ i_.cs. ^^jljL^. ^j^ jj^kjo jju jLai 

L^ jb ^jI jju ^b ^ oifi^ jJ: ^ul ^Richard lewontin b 0%^ jj^.j 

bU b^ jjA2k_o jj I ^jaj ^bjJ jlyJ 1^ ^jxiajLai JjCijb ,3\ Mi-m CaLui ^j" 

.SjI .ft •^‘s J^ Ul9^ Jolc. I.Vl5s 6J 6 Ij^. ^JL » -o ^gjl_o A ' ~'| 1 a 1 ^-u ^jxlAjLai ^ ^ 

- £--J^ ij^y- 1 >— u” 1 1 JjJ ^_j^ftj l£ I iij. 

jub jb lii I ^jaa ^j b ^-j lj^ (_jaaiaj Lai (JxjjAj ^J^ cJ - 1 b\.rik ? LSjj I jJaj 

U<Li ^ j^AO 

^aj ..‘s | i Ljj b jao cj- 1 b j^ e LSjj I J j l^Jj jAojji 'jTu. Tj^ ^g.VjA a lii I " 

"-c^} b J J I J ^Jjd ^Ai J^ Jj^l JaaLILai ^b ^ c^l Oi^bjJ 

L^ ^_i jjAo £^jb pLSjjl ^_ijJaj jb i-^jl JaJjIao ^sjK i <i jAau^Ls j ( ^a L^. j.^ 3 jjy i Vj o bjj 

i^jl a^ l^ (3^ i3 I "L° ^3^ ^-W -1 ‘ - ^ J I -'- 1 a )^ 0 JaSajaco Lbs. bj j(jj Lias. aJ fLSljl ^_ijiiu 

"\£ bL ^UJ ^*N ^JJ I 1^^ ^niU Lu < AjS> J-lXJ yloj L^J)^ < Tl r> ^ ^J-lC 

Chimpanzee and human y Jli-o ^jI ^ j -S.J 1 ^Jjj^ JAUA1 Lai ^jAO 20 1 0 

3b ^ chromosome are remarkably divergent in structure and gene content 

O-L^kAi jJAlAI 3^ 1.5^ 3^ J-J I- 0 33*^ j 1 |*N Ji 1 l^k b Cjj I jj ^slc. jj-iAI Lai a^ J^. L^ (J_i Lai ^jai 

jAlu J.-VC. P I3lj I La 3 j ^ ^ftc ^ w ^a 3. O L jjxi I i ii“ i 1 * 1 * aajs jcs. Lftc 3 1 ^ 3 3 

y o^bi 3 J ^jaojajj^ y 3 3L3 I a^ Lj3jj ^3 jj^Ll -s^jL JL ^1. Ij^ 3 LauI 


.1 j3b 


J^Lj jCjJ "c;3jl 
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<_*d° ^ d^ 78 ^Jj-o y ^Lxul-^u > . < l "^ » n OyJ ^y-u ^jj-uj-ojj£ 

Ojjj 1^ Ci L> I ^o- ^y > . s I" \ n Cyj ^y-u ^ jj - uj j I »— d-Ld (j I jj I 4dd3-° 37 

P LSjj I ^yJyj (J-a£- Lu LxU I l_J_J * LSjj I J} LlxU I ^y XI ^yuJ La ^y 

_ t it Lx^aj 3d^ cJj ^-i-i ^ ^ 

CliVLii. J t-i If i-^->l ^jA-ax-ci ^_ijJa-> l^ plJCjl ^Jjjl jjL^. j Cl)Lj-il^ ^yu ^yj^ O-iLj (J-iVj i_u_u ^—i 
i-^J I Jjdd -0 Jd^ j ( _jxxxU-l L-u £t _xxa I J ^yu^. ed xxijyLo (_g> I Iin Lu lil I ^^jyo 

j l j_i ^J 4 ^->L^ y-i L ^jya ^jxi I I xIIjLajI^ &^LJul * Sjia ^ ^ ^y*! y^i ^Li 

^ C^H edj^ Cu ^ (J-> V J Lau JJ I Jjj I < ^yJyj ^ ed I Ja> SL ^yj ^jJyj ^y-u e l-^jj I ^-J->1^ 

-ed 4ddJ-° ^ jls^ u^- 0 - 0 ^ *LSjjI 


JjJj^ ^ jul Jtil JyijW '-^ ISJSO^ ^ 

,. </>-* ) 

J-J 0±r> 4dd>° 03^ 4d=d“ 43^“ JJ ed ^ 4>=d 4d=“ Lj jj ^-Uj J$l 

-Lilxx. 

tj^-0-0 -j>^ 45^ ij^-O-oLj L-h^° Cs^ ^ t_£H C^L)^ J^j-0 l-j-^ 

cpj^ jKil 6J l^ Li^-xxi J4 J^o ^Jjyl ^yya ^ d^i J !>^- cd ^k 1 - 

jj-la ^AiAa. ^-4 tj^-o-o t-Jj-<-ia ^ Ij-^. AiLu ^ jd^ 1 U^-°-° J-J CiLjjL^ ^ cdy^ f^'dd! 

-cd 43d-J-° 

^yjj J-a£. f LSjj I I cd U^-°-° * ^ L> j 4ddL5 U L J - U - 1 1 4ddLS ^ ^ dd° QAii^ 

dd°j ^ l^H J J-dJ-° Ud4 cd^ 4ddJ ^ cd idd° 4ddJ 0^^ 

U l<~ «; LSjj I ( _jwo L^x. ? Lajj I 43dtd° cd^ J Ud^ 1 ^* 6 ,_)^j j-^ CjLd^ 

1-^ ^ c5d cd Ldd cdr^ fd-LdV ^ LdH cd^ 1 u*-° jd?“ Ji idd° gd>^ 

- Jj^do ^y-u ^xVtyu f Lajj I (_ guuj£ Jd*^ 


I 


l J J f-r® I dAfj^i 
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Jjl j-'-^j. j* A j jl5j^-! jJr- 1 ^ -0 L^jSj-o A 1^ jj-“=j j -iL=JI 4?“^ 

j_j.iU.jj j_)J-o ^yuajC. ^-S (JUi jjjij jj jj-a. j-Sjuo jj j_j^ oliil^ jj uS LUi jJ I j £jU .W I o 
_Ajx u-lj LuuC I J U jaC. (jS jjxu ^ j-XOj JJ I c4 J Luj ^j-xL 6 jJJ j-o£. (_jS uj 1 U j^ I ‘ 1 Ji 

c ^ eUjI jSJ jjJJ Jj^j-O j_jiUil JLu jU J^ ^ Jjjij ^iil jjxiL ^ I -U >i dr! JU jU 

i_*H C^^- 0 A ^ <J4J jlA A eA*- 0 lA-°-° A j-j jjjji c^=j^ cA uej-J*- 0 

^Ul jSl -UijU <jJ-} ^j jS jlSjl IS g^>U £ ?UjjI ^Ul Jjk Jjl jj 6 j <jJ-o jlSjl <jJ jjl 

Lj^ jlSjl (juJU l£ fliiijl i_$JyJ jiU jj ^JJyj (^JJujjJ ^ e^iS-Lxl jjj J)j^. Ull jJ-0 ^-uaj^ 

,-j U ^jj.) ^-j^ j-j jj I ^-jj I jj-o ^jS Ujj c?S '—4 ^S e LS-*J I tjJ j-j Lo p Lajj I jAA IS d ^ 

-c*H A 4- Jj- 1 ^ A ^U 

^jljj j Ui I j I jjlj j_j^ 04 0 t_A oi‘ A jjS A IS jjj^ U Ljf-S jj&j j L Uj I ^jjLa ^ lyj 

jjUjjjjj^. L oli Ijj ^Ic. j_j^xjuj Ui. Ljj cj □ j I ? LSjj I l^ jj Ui I jj I ^ 6 j L j 

jvlc. jju I ^Uijj^ ^ Lj p Lajj I jjj-o jj Luj I l^ jj^j Lo (jj lj ^jjujjijj^ 24 j_^aj j 3^ lU^ 

(jj Lj_jjUj ^jj jjff-j ^ J-^j jj i4l-?j-j ^S j_jj^j I Jj^. Ui I l£ ^jxojjjijj^ jS I J^j LUo 

j_jj^j jjj-o jj Ui I ^ Lu >_ij-A.^. ^i ^-jJ U Ujsjjj j^ f-lj^- uej-jl- 0 ^ ^LS^jl 

ujLi CJJ 3^*^ j_ju I ^J jJJJJ j_jm I ^ jJJJ&J jj I J I jjj Lu ^vN-UTi I J ^J 23 J I J * 1 1 1 J-°JjS 

- c4 24 j I Ui j_jS jjjj> jj Ui I ^ L£ (_$jc- -i ^ jj^-o Ui I jjjj> 1921 jj I j_jS 

J I j_JJJJJJ U. ^1 jj5Lli ^1 I J ^iUo lj4° jJJ J J^J j^jS j_JU I ^J j__]JJ I J I JJJ Lu ^JjLxjJ 'l A I J 

jjjj> jj Luj I L£ (_a IjU I QAjAa. jju I ijjj I Jjjuj Li lj^. LiS JJ Jtj-a lj j__)J-o 1 956 Lc. J jj I 

,jl ^ L£ Vjj ^jj-Aj^. ^lxi Ijc. j_jo UiLo jjS4 dr! 23 jljU j_j^ ^jjujjijj^ jjn'Nf jj jjjjLo jjj 

jJUjUO Ljj I I 1 VS J I JJU 1^1^' j_J^ jiJjLJJJJlJj^ Ll^.j_jJij ^J^ j_J U If jjJ-0 C^jS j_J-'.V\ j_J^ ^JjjJJIJj^ ^yLXI 
j_jj&j j. < v> ^j^_i j ^ u L>J“^ u^ 1 1 ^_j "S jj ij j >_ i j Uj i j j ^j Uj J U. j_jujj ^S Uj 

^j-u U)^ 3 * SxAj j_jjfcj IS j I kt»j j_j^ ^jjojjij Uj jjjS Lma. jjj I jj U j_j^ L jj I 




U49> JJ 1 <jJ 


i U ii jjxijjijijj Luna, jj \ i 1 1 j.ucl^ I _i~k j IjjJ jju L Uj I. < y> U 


^j I >U Jj^. j^. ^ Lu-a I Li .; ' 1 j j I jjU ^ j ISJ ^ jjjL k^j ^ < I * i j_j^ oL j_ju I ^ Uli 9-o 

U j Ljj j^ jju I — ^ Li L£ L U j Ijjj jS p liiij I jJaj cai ^.S jjjj i j L-o Uj I q_j- L a jju I . I jjj 

-Juu, U L^ jUil l£ IU ^ 

^ J_gj ni l ) UI ^a-jjjj-o Jjjjjj jj-j^Uj-Lj (J^j^Vjj^. ^jjLLajj j^ 1912 Jj o I u J 1 8 

jjj-o <; Lajj I -o jiaj jjj I J j_j^ i _j Laj CiijA^ j_j^ j_gjJj-iU j_jj Luj I 1 U 1 1 ^uuj j j Lsij 

i ‘si i n o -U LU Ijjj Ijj-A-iUj -—i jjj-o Luj ^jjj jjl Ui LU Lj jlja lUlt i ‘si i ii o L .- 1 1 ui i ii jjjLujj 

jxiJ Lo jJ J Lux 1 1 J^ ^jJJ) ^‘s jxi I ‘ ‘s i 3 Luj (JxijJ I J LU JJ ulu L . — 1 jj~u jjj I ^ jj I ^S 3^ * S li 

c^l-4 ^LiJ-^ U f4a34° uLi J 0^1 JL?! 1^ 1^ lA^ iA A H54* ^ A>J ^ 


I jSSIj 


(A“L j jkyi ^-.Uj I Juiujjj 
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iT^ eA^ ^ ^ AJ* (J j ^ OjM lS^ J & lS^ A $ 

av^-^ eu^ Ll^j a^L ^ oL ^jLoj y l jjl ^Lj^j Afr* ^ JL> ^ 

l£ cA$-} ^jLui (^jju I ^ i5s.j 1 1 La^J lJ^t -1 a - ^- 1 £, j - u Ai J [S~ J ~^ -—> ^ L^ 

A-^- 1 ^2«-j ( _g>- 4.i i a . sk ^ o La. (_jJ-^ (_gjj 6j c^La^j £^ J - U Jl 5“^ ^ >— i &j t-i - ^ 

(JLljJ ^gO 1.A5 a j^J-iy-i A I 11^ ^-1 ^ i II L^. r* . l^&- A^l Jj^ I L i Li A>AA~^ ‘ 1**1 ^1 

^ l^-i-*3 I , — J ^yj I .-- i -■'‘x '. J ^yj I A^A-i ^y L-X-9^ ^ 1 u -^- 1 L-u Jl 5 i ts^ ^ ^ A^"" 1 A 1 *-^“ i 

Aj-Azi. I ( _j-Aj Jjji. L ^^Aj J-i Ls ^ ^ jJaj ^ UJJ ^ ^ JJ ^ J^j-o ^ ^ As. iS~^i 6 J ^ Lj^ a^(4 

.^Al K ^JJ xALO 

^xxi ^>^1-0 jjLujl ^ ^jjl) a-^ jlS^ c^j (SJ*-^ ^ a^a - !^- 0 cLSjjI *-^j 1 949 

tS-^ (j3t$-^ 4J c4^ °d>^ -^A 0 Jt>^ A"* Ai' !>* ^ Af* ^A*' A^ b pIIjjI 

j^jjllJ^J I OL^ ^ 1 u -^- J La-*J ^_J Li Lu Aj^ I Z1 * ' n ‘ 1 i ^^^JA.i.1 J^jxi-l^i j ^ ^ ^Ai-1 La^ J ^£iyi 

^ (JjlS ^ ^jLa^J ^XJ.^ JJU (JL-U ^axllL^ 

LaIi J I Jji IjJ Llil Jjj) ^*N L^ 3^^~° (SJ J (J M > (£jJu-t±) 

i£j ^l9 ^ Jl5 ^ l*x3^) ^ ^ L-) ,u ^ ^ 15^* L>5 La a< LL ■ *" « q \ q ^v ^ ^aj I 6^) 

I J < M \\ Luu 1 Ct J|^ I ^A yj J jjIlS LL ^ < _ « I U. /N ^JAJ I ^ Lju ^ ^ 1 r> t_^_lj l£ 

-c>e-! c^J Jl 9^ iAe-! c^J cpj^ J^“J^‘ ^ c:^ OiJ^ ^ 0j\- r ^> ai^b^ lS^J^ 

U1I £-yl l <ll \\ jujA ^ i$j^-i Ja^ 4 f^jije- 0 o±° "1 9^8 

c^ ^ojLji-o L^ J jl^-Jj CjLuLj.^ ^gj^k^k L J-LAj^i ^jL-ujI ^j 11 

^ ISkj-A j 1£ ^A^k a (J L-ki L^ L ^J-uxL-u l^ p LSjj I 

1 I 1999 ^ ^ ^ ^ I ^ jnii Lu 

L pLlljl ^2 -a. u ^)aj I ^X4 (3^^ L^° jLL-u Jju it ^s- uT xJ I Jjj ^^s-U I Ju_u^ (S^i i£J^ 

- Li^ ^ Lxa I j I jjj L^ ^.cu ^jjj I -u L ^ i-^ I ^ 

j^L C-U G ^ ^ ^ * i ~ u L-)^ ^ ^ -3^ ^ i- ^-iL-j 4 _Ls I cH 1 ^ l^ 1 Luj I o 

l5L$^ ^ Cj-^ ^ i^b c^b Is^-^ m^ 1 cPj-^ 

J' ^yiySi jLljj ^-j-itll L-u 

^ J-a£. ^ ^ OU i_P^ (.S^V ^ J-^ ^d U^° Oj Loj^. ? Lajj I AdJd ? I-Aij I 

jl-uUi ^ l^jI ^ JjI S ^ c^e- <-^4 b uf 1 ?- UJAi^k 1 - V" a'a5 j 


I Ul9^^ A jAj c^J-} > . ^1 i~^ 6 j Ai^ 3 i^4 1 ^ ^ i— ' a iA^! c^L)^ Ji LL> Laij I 

UJA^ ^ lAH cPk^J-J £^> J - U J J ^4 *A^J J J-^i JJ I lAH czbd ^jLio ^ 

-Laj Lj jl_^ ^jLilo ^ tjj^ lav' c 4 Ai' 


A^- 1 J (V® AAfJ^i 
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^L ^ ly£ i ‘so <*\ < .I ^jj) j ' 1 1 1 L> jjLo L ci>LlLa. jjL 1 981 

Lu <=IaIjI ^ ul 5 j^ Vestigial organs L L ac . I J ^lLuj i o jaL ^Jlj ^-jLa. 

lSJ^ ^a (JfLuuuO LjjjJb j I iAf I ^ajaa I ^jAja Jj Luu I Ij-^a. >S~i ! J ^ 

< ) I ^)5LiJ LAj Li La I ci i it j) ' Ar L^a I A JfS l2± ^jjj^Saa I L LuU I Lu-La. ^_i ^-_l LqAXl i ) I 


- d^ l^9> La. LiLa. ^-ij l^ (J LjlS I l 


J* 


IgjS £~lLa_> fLSlljl jS I ^ ^jA-j £.Aj^ Aa .1 ^a_Llj ^-1 £r*J-j £-±&l?L.iJ J^ JjjlAa. ijuujIa L-jj >_mi ^A 
LujJ Ifys. Jj < I u 0 ^jj-aj [3^ Lu l^ L l^ k_j^ 6 J JJ LjJ ^A jJaj ^ I gjj Lu jj I 

^ L ^JAJ ^-LA^j L !\ y £j-u ^.IjC. JplAa. ^A 6Jja <_£jjy-J J (_£-iLaJI ,(W*N ^jAkuLs ^jxlLiLu ^jSLJ 
^a ^ L. 11 L. ^u^La ^ ' j ^ o I I .Aa. ^ jj£- d^ 3 La^^ L^ L~~— 1 ^u I 

^1£L oLLj ^^auLia ^ \ < < j< Lo ^Ll l^ jju I ^_ja. ^a L U (^j^uuIjLu ^$~aj 

j LiAju (^j^iLuLa. O LLLaJI ^uia. jj ^jjjl JuLa. ( _j 4 ujjj^ak. L ^.jjSji jj^uuL< LluJ 

iy-^ l$j* JL9 1 a>LijLu ^ jLJI c> xiliLu ^ ^ ^ jk > _ uAf .. ^a LLj^j jLp _x>Lj 

c^e- lSJ 3±^ IaIjI S 39. jljl ^ jkl J^l ^Lu^jJI 

^ ^ Lb^ j [>°4 * b ^ jjl jl^jl ^ I ^ jL>jj 'i 

L^ Jj^ll<: ^- ljj L- ljj "l jl 3 ^ ^ l ij ^ ^ ^ Luuj I LLo j^j) x 1 l£ o I I < j-j j-oi I j ^ ^ g.u Lu j 

^ ^ < <» L. L Lu LjJj^ I V Ij ^ ^ < 1 > L. 


^ jl 9^ c^oi^ b 

(fjW ^- aa *) 

^ i_>^ CS4 J LJffL 1 4^ u JJ I L“ “l^J- 0 cJrv b ^ LiA I I Si La. 

v' jj I bj j-j cJfr 1 oi^ v' cJfr^ J-^ & IaIjI ^ ._ Lk^ 

LL db-j j^ f4 ^ c>e-! c^j Cs^ i -i)-^=' f4-c^ ^jj ^*1 c4 caLL 


J j&\1 


j^Lj ^Lljl oAfj^i 
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0 “ ^ ^ L-«tfl I J_$Ukju cJyd L^ ^ L-»A I ts~* ^ j-J Lia j$* ^ a If ^ ^ j Lo^ ^ __j-a«. Laj 

-(Jjf-i O5JJ ^L9^ ^ J-“A L OAj 

Ou.ijJ Ijiaj L^ ?IaijI j^L^jlLo I lAf I L CaLui ^ I ‘ ‘ 1 *s I Jj- 2 kJ -0 £j-u ^lyA 

-c^j <A ufr“ oi^ ^ A JV jaL<j£* CAaI ^Jlj c-ili jw oiJ^L?- A ^ 

C> Jf) ufr^ J - 3 A>° Of- 0 VflP O"* Of- 0 Uf*j J J^J UJ^ ^ J-^J^ (j^jljjLa. 

?Lajjl ^ju. (_^A-i i^-jj k_u-ij-i ju I ^-^jVLu. ^-.iLu. ^LaSo 0& 0 l $ u - u - u L-u 

■O^J- 0 Cj^= i^- 1 -^ ^ -^LaJ ^ c^J- Jjl Jr**- o±° 0 &°j lS'A J-^ 3 ^ A chH e~l£ i^- 0 ^ 

-LJa jA ^jl ^ ^t“ La£j Offj -k>j ^ ^jl A>LLj ^ ^ c^J-J 

^jAA J^-2kj-0 ^jJ-o — u.Jj- 1 i . 3 1 " a L^ '— 1 U-1J-1 Ij La- j; Lu Iaij I ^_i ^-$J-i Lj^ Cu L 

'ChV -Oe-J- 0 J"0* is£ £ Jj' 

a Ujj I ^ ^ J^=>.J-0 ^*1-0 ^ jll I ^ Jj-OJ JU. ^ ^J-0 ^ J-^oji c^-UJ I 

,_ Lka - LiU ^LuLa- Lj-1 ^JJ-O iAJ ^ ^1 ^jJ-0 J^.j ^Jj-O ^ I JJ J I JjLLo 

^ Evolutionary tree L J.,,1,., ^LaIjI j jl^j l£ ^ 

lAH C5L5-J ^LjJ J ^L-uil ^L^l ^ ^jjjli^La. J^iu ^ ijl^Jj J-^>a JaJI ^Jljj 

. J I jj L^ 6 J \ y M tj I JJ I ^A-i J I jj L^ 6 J Lo 1—Sjj-ia i 3 ^ LiaA ^Sa ^ jJaj ^Sa c LSlj I 

^0 ^ cLSjjI ^ k_>^. 0 $-° o>r“ cs^A 1 Trilobite b jljjL». jIj ^ikJ 

-e^j-j Ljj^ l-A c^-Vv J^ 1 <j^-° 620 j A^ 

^=>.j jiji cyi ^s-is-i '^■j ts^ ji c^ Cause and Effect L J^Ls-o j cJa L jjI j ^-=±j 

^ajjaa ja=± L 6 J Lu ^ ^J-U-a ^ i£Ji jj^- * - 0 Lj jj I '■^■J >— < I *~ L-> 

jjl L ^- i I CuLjj Sr l ^~L$' 1 " Lli iSJi c^ 1 -^ cA I jJAj ^a Ca I I i-0 ^l-i^ L 

- 1 11 LaJj JfA lS^ CuLj (_$A 

cA I *— 1 Lii iA UlA ^ 1 _; ,l< ^ ■a Lla I J ^ojA_i L Cl) Li^ j^. 

J-°^-° jjl ^Ae-J- 0 ^ jjl ^ ^ J - u o"' 3?- Jfc>LL° £ j-j 

L£ jJA < ^a ^ < 1 u < ^-j-ii^ ^j_ul ^ ^J-U-a l^ L ^1 ts~i u)^ 0 cJL^k. 

^ Lj [j-i ^jiyj Igj^ Lli 1 ^- Lli ^a jj I ^ I <*\ 1 1 1 L^. L£ I Au j ^ Lj I_jj Ua-o I 

. ^ L^ jS V ^A Ca Ljj l£ ^yJA La ^A I jyj ^jAyA ^ Lk ^jlxi 

Jji. jjl (J_<-<aLi. £-j ^jL ^JAJS ^JJAAA. ^A LLa_a ^ ^Jjiaj ^Lajjl ^ CjLj (_^JJ-uji 

l^ ji.1^ ^£.ja£ (^j^iLjljj j 6iLo ^jAa^-a ^ ^1 i_jl_ja^. L^ Liu JaAij CjLi^ju ^a ^^Sjjj J5U-1 
JA£. CuLj ^ J t-~if ^xiL^lj^ s*A IjjJ jjLl^ju ^A Ai L yu\ JJI L 0-1 L}j A ; kf 1-^J I i-il ua. 

-^~AAA l_U. J 1 1 l^ (^joLu ^.Liaj I Lil I (^juLjljJ jJ-*-l 0-1 Lj ^liu. ^JALA (^^Sj^UkJU 


I jSSIj 


<_AL j jv® ^Ljj I 
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' i ' 'J ' 


Lj I i Vi ' a j L ^LLaJ&J ^^J&J ^ ' It'S- ^-) ^ikia jj£. (JLLl ^-Ijlai L * Lil Lj 

^jj v _ulijj Li. Lj I ^LJj ^ (_54 j ij-uiu L Ci Li L ^L >_ia ^jjyi j JL ^ > [5 ^La.; 

L Lui I (_Jii m 1 Vi's L ^^jjjj jS ^L — ^ L 1 j jj ^jjL j^L j ^ j 1 V I j cAw Lj *— > I - L jjjj Luju I 

^J^L ftj ( _£jjjjj ^ j Li ^L LaJb J- ^ ^jjj ^L.a ^L (_jJ L*j LI I ^1 ^L ^ jj Ija Jtjja J ^ijj 

-CiLliL ^Jaia LjI ^L L ^jaj 

Jjj Lka ^L pV ^_j j iL _ ^ LL J ^Lj^ I Jjj J^ UJJ LLuu J^> c^J LjjL £^J^ LlxU I ^jaa CijLfi 

cb-^J J^Ai Jj^ jjl 6^^ - ° e^ jjl ^LC c L jLl J^ a"' jb J cS43J^“ ^ ijj-i i? "b A 

l>^° UJ L- C i L ^L ^^j-o JLjC Jj^ LLlxi sS ata ^ Lijj 6 J Lj j ^LXI Jill ^jicL Li lj 

J^ tj-u^ ^jji I Jjj LLaa ^L fV ^jjjL jL uia. ^jaj Jjjaja ^jaa J’n i Vi I j J I ^jJ^ J-ai-uj-a Jjja.jj.UjLi 

^L Fusion reaction Lj L^tiil J-a£. j^ ^jaL ^jal c> j a ^jjL.Laj ^aiLa LiLajj jiiuia 

Llj^ JJ i J-° f^ 1 ^ ^jJjLlkj Jjl ^ ^ Lj^j j^ £_aa. ^ oJjLio 

-c^ L£ ^ c:-! ^ J-J^-cJe-! c3^“ ^ 

^ — ta ^jj^ ^ La jj 1 Jjjjj I j I jj La. lj Ci Lu^j Jjj jjyj ,Jjj IJ-lji Jj 1 n*\j I 1 1 1 Jj-a ju 

J) l-L^i Jjikj ^kJjjxjl 1 1 II )1 Cl Llo^aj I ^ La.1.11.^. j j Lutac. I i _jjlJ-~ka y-uq J ? LSjj I 

j tilj I J^jVa ^sj ^ ._ja. j_jwA jJ 1 £. 1 1 iJn Jj^u CJJ I Ci L=a. ^Jj I ^-J^-i ^jlai J-J J^i5La Lie. I 

^LiV La. ^Aj g lA£ J jjJy-i ^^jwAj Ci Lti^aj) t /a "\ Jjjjj^a J Lia. Li Jj 1 XiLj I 1 n Jjaj 1 

L jLSjjl ^ijJii (jLy-i ^iLLaL £^19 La. LiLajj ^^J^ J-^J-i Jjl (j^-o CiLia<ajj^aa J^iLaLi ^^jjj 

J^hj cziJ^ O" I ^ U J J^~ 

jl j^" 1 ^ Reptiles L ^jj^La ^i^iij 1 j^j 0 jjSiaj-u ^.uj jSi 

UJJL^k 1 - c^b U^-e^ ^ c3j^ lie- 0 OiJ^ UJJL^b 1 - c^b e3j' ^ 

-c3b^ cJfr 1 ls£ ^ ^ JL9I ^ r? UJJ A j.; a j UJ eJA^Ai 

L ^ I n] (J^y 1 ij^- 0 Jjaj ^y-u J^i£. f lijj I ^J.A.’C 6 J Lu lj J LaAJg I) I ijaa jJ^ 
^ ^ Lij£ J jjJJJ jj ^-J Laj^ L ^1 I 1 1 jj Lji La Jji-J Jj^ Jj yJ Jala 

-L^Lu C 1 L 1 L ^1 ^ ul 9^ Jb^ ^j CiLiL jju JJ c^} 

^jjji jJjj j-Ajj jL ^-jj -1 Jjl Ljf ^-1 ebr 1 VflP ^ 0 ±° jAi tjL ^ jSl 

^jju ^yjjjl C1L1L (_£jJ ( _jkliL c; J Lil JLa L ^Jlj ^ijja ^xj.& ^-aj^ jj ^jjJ&LiJ ^ja ^jaa i_i i ijj 

^jj jyA ■JjAj JjJa. ^sj L La I 

jj ^jjj La JJ A J Lj j lj)ja I lj ^ Laa Lja ji L ^-u J LLa JjJjJyi (_jL Jj j I ~s i I Ja jiaja Lxu I 

L Jj I tjJJi ^ma Cijji k_ua ^ LiLajj AjjJ L Jj jjl JtJLi ^jjj ^jaa iLj j Lj Jjja 

I j l j 1 " b chi J cLja j^ ^jj I lj ^ La j jj I Ljjj ^ ^ L j^ ^jJjj j- ^ LaLj Jj j Ijj 

^gaiL jj I ^j La£j j Ij^j^ Lei (^£*jj I ^ 1 na lj Laj.^jjj ^jj j- 13- 0 b La LL Lj I 3^1 Lj 


I ^LIj 


jL I j j ^ ^.Lj I juujjj 
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j LLx £ -j Lu ^i. Lijk o-clx I jji i__a^Lk. I j j-ij I I C A j-j-Xu L CiS Li gLjgxi gj&_i 

eLalijL^j gk n n Li Ljj_j gajliijLx Ik gLgjj JjJj gk J3-X3 glL*j LI I L o-iL^j a < k<~ I gxa 
(_gj 4 j x Anthropology L oLjLu-i j.;L ^A akgj jL '—it <, jjl h> l a u . »i j Lau jj-aL ^A 
~ Lk Lk g_iy_i 5 _i_i Luu u p Lih ^ i ii p lilij I ^ 1 1 1 ga_&_i g < nk lk gi i Vt go. i n go ■ " - a * LLo ^k Jho l_ 9 _i- ' j 

L dl L.UVx] ^O ,ak l.A.k..l J ^_1 iX ^O (Jjkjl gjjji g I .lj-i ti-l L-U J(J_aLj ^yjj ^Jlg^. ^A plli-il gk gkjjj 


gu I j_i ^03^ gJy-i I J-u J^* -1 /•- >au9 J ak-i I -1 1 u < I XnK g-L L go ILkjoj go ^o jj I gxijjj 

g I LLL ^o- 1 gjyj 45^ - - - 1 ‘ c^- 1 439x3-0 0^3 i k 1 1 g-aa 0^9 gaj ak-i I gLj-J -o A (34 -o oxLl-xa lk 

gx^L I Jaj ^o-u ^LjjJa i^gj La-ik g_A_i g-A-ik gkjjj — k Lyk ^o gu I Jfckj J go- I- 1 Lo- 1 A ^S~ L-L ^ 

A Lk gxi-u -— > ij-hj Ij-aujJ lk gu I ^o gu I g-i Lhi gosLx Iku lk pLSiijI tsj — kj^x-gjfc.! g ik 1 1 1 ^-1 
£ — i LLxjj j_ 3 A 2 i_o -o ^Ljk i_a I jilc. I go 6 j i 3 ^ J -l Lu CaJ^j ^1 ^j-il j\ Vlj ^Llj L o Lia-^J 

J^i-i Cj^ 3 lj I c^J^ 3 1^ J-a l_3^- ^ eJ I jt ^ 

£L.J-} ^.l£L ^jjJ=u UJ^I- 0 l _j^>LijLi^. 

^-° ^y^*^y±i hi 1 1 ( 3 ^-jjJ-u L '— { 3 ^ ‘ h 1 11 ' ' 1 £1 i I ^-i ^jxi I (^ 3^-0 ^ i jL 

jjj La I L I j^. I ^ j Lila ^yi-ijjj ^ IA USLu L> j ^ 5 Lia^>. <1 1 L I I 

l^guuA (^JXI I J^l ^j^jLa Li-iY l\ ^JIj ^_i ^ " i i ^li £-A ^yi J_ujU I 

- l^ Lj j-Aj j L I jj 1 s> i p Lajj L (H Ij^ Cjjjj cAj-j I <j-u L t J-u o 

tSJ^ U ^ Jli I c^H ^ Lji J jjh J J-j-xu 1 V ) ^ j 1 11 I jj Lx ^C_ljj ^1 1 -U-a-uli I J 

a_u 1 n ^ (J-^ (Jr? 1 (_g. L-l-u ^j^sLix 

^Lsiij I ^x-u ^l I ^ j j 3 1 L diLj ^x Anth ropologist L o L j r* j < j^j^La 

a^J jj L^i- J_gij Lx lJ^Lx ^ L_1 j (J_au^S („£-^ /-j il l«S^ t_j "a » 1 '^ l*x Lx23 ^1 I III 1 II 

j^giAj JAj J)hhx-I j_g^ CiLajJjl-a ^1 ,jj I ^1 A ^ LLxj^ jj) \y a aLv^ (_gj L a^J jj I a^J I 

^J-A (_gaAj J I jj Lx. lj ,J_ao^i ^1 ^1 l ^Suua l^ [34 aa ai L J-a£. LSjj I 

/al *S~^i I al J J-^-J 6 ^ U 0 L*j JJ I ^ a^j (J I I (_g^ ^g-i.a u -i 

C^-“La axils ll(J A aJ3^a L^L$^ ^ ^-LlLxA^ ^3^3 I (jxi L ^-jLu LL^jj jj.yy-ci 

^yj I ^y L La i Li — ''"'■ J ^ ^ 3 "T ^3 . — li I ( jilll Lau-^j- 1 ^ ^P_l L ^XXI I ^1 lj 

^jau Li ^yj I j i i 1 i ^3^ J i 1 . 1 1 ^ga^^i Li L Cl l Li Ll-X .- I > i V i ^g I i i ij^i-i^l ^xi Laaail 6^)l^jl L 

I.L. jL jiki ^ i If al_i I (_gaA_i aLiLaijL a ^g-aitli L-U ^.Laj I A ^y Liy^ CsJ a)^ 0 C^i Ll L=x. LLi 

^g-aitl.i Lao Ayy^ Ll ^Lx VL-i ^XJJ ^jn 1 1 Lau ~a-apa^^l_a g-Aa ^_i ^ L Laal I I SgL ^g^ 

. Li La^ C^ 1 alij-h^ 

I J J 1 1 Ik I L i ul j Jyy J-i I - 1 Jl5jt-J‘ ^5^ ^)Aa_aL 1 1 ^ak Laaai-X ^g-a Lx gik I p Lij I 

j I3-0J 6 1 j gak j Lj I C A gJ Lh A I ak^J ^_i- ^aAj jSxLi gJ Ll LJ I i_u 11 gj lj(3J JL3 C A L 


.1 Lkh 


aA*h 3 (V® c^Lajg I gaiuj^i 
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eA JlS ^ d 


J A -0 ^-® j^-lxUjLo Jt3y-^<-0 ^ <_*H A>! AA lA 1 ' A C^A^ ^ AA 

Jj j-a ^jjj L ^ f Lalij I ^sjjJij l_j-j j-a Ij La-i ^ Laj L^ Ruse ^jjjjjj L® i^-° La. a Lajj I 

(_£-<& -U 6 J * Jjja. jj jls. a jo Clta. L_jij <_£ J La ^ La^> I J^. ^A ? L-Cu I 6 j i^S. 

^ Ill'Ll ij-iLa. l^ i_)Lj^ L^-i I r- >j-uq J ^A pLSjjl La. l^j I f- LSjj ^j^jA (J-ilj 

jjl A-^ A c*A ^LLx. jj < *N ll < ^ a < < > r> Lj 1 / ■ i 1 . ■ . ^_j Lloj J pIa^I ^ S ^ Li^ A>* 

p-i A c^J JjA- 1 lA Ej-^ cS^LlxuI ^j^-a A ,jJ-0 Jj^a.j cjj-u ^La J>J Cji= ,_A jj^ 1 -^ 

-i_*H AA cAAjJ j^LLa. .A l*H Aj A c*H A^A AA“ A ‘-A a 

^-Llo jio jj I Cj 1 Q \ ^ 3jQ^k jj£. r> p LS lij I jJoj ^ <Jiri j-J ^ Jp 

6Jjj J&jLuu ^J-U <j^Lk <_^_J ^ 6jj^ Jjy-J Jl9 ^ tjJ-^ I J < jjJljLu 

^jxjJ ^-0 Ij J Lljj ^jai I - ^ < n Uk ^ l£j I l£ Lilli ^Ji I J LjJJ ^ Lj 1^ 1 

6 Ljj ^x\ I J-c jJLi LuJ J r> L^ 1 1 ** } I j& \ « < ij c\ C5 A9lH 6 J L^° J-I^UlO 

^jlc Cj^)^ ^ ^ " uu -c^aj-Q y Ju ljl_o J^k 1 ^ ^ ^*N \ f> t 5L.H I Lj | ^ ^ ^ ^ ^ 1 1 

- ^ ^ O-A^I I^J-O V S*^lA. ^ I ^ ^ 6^UJ bt _0 J-O ^ Lj^JAj ^ — s I ^)JJ I ^_J ^\.l xj Uk 

I J-i-O Cj 1 \ i < 1 ^ 1 Lo< ^ Q ■ , «^1 j^ojuU I Ji I J nin Lu J Ly_l Lj r J £ 2 ^ ^_u J C-U^Aj J L^J I ^JJJ I 

Jj ^ > ^a-u ^ |^£. ^ 5 ^ cJjJ LuJ ^jA^k d ^ojJaj ‘ 1 1 J C_u^ Ij^Au 

j_j^xxuJ SS^Jj -1 L> u ^' ^Llaj t^-jj tS~?“ (jb-L^-J LijJ ^jjLa J&jL ^ JiliL i_^jI ^ 

£r)j e ^- 0 j&^ jjj >~i cA^ j-j bA J -A-^ jii^ u±° AA fA j A>^ 

jls^ l^h c^j A cP-^A (A oA ^ (^^-la^Lx! (A *-^Lo j vA o ±° jl?^ 

^yuixa ^J^y_l Jjj lj^ J *< a*\ i 1 1- ^-U i^.'.j.^'i-lA-ci ^LiaJ ^AjJq JJ-Jj-0 ^-1 ^ 

Li LAj , — J r* j -uj bt-a J 1^1 i ‘v i I oV La. ^.ul^ Cl > I j^j) > ^ i i ni"\ 


A A Cj^° A ujAA aA ^ 1 jlj ^ E tA ^ A A l>^° A 1 <-A A u l^ i a 

- ^ 2 ^ i II L^ ^ j 1 1 Lljj I ^J-LI I 


j A AA 
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A^ Ai' AA^ljJ '-^ lSJ 3±^ Lj 

(f^Aj — 

jLyJal l£ Cj L^. Ju ?» j ■ *\ j*\ . T. ^ul jJ ^LSjjI ^ 03^ I J-coIj Luu LuJ 2006 

1 iS^ L ^ a u 3 l-Lr^i (£-\) 1 -il t ii \ Cj3 ^) ^ ^ ^3 ''^ L^ I L£ 

^OJLJ Cj Lfl^fl^J Ja 1 \ r> ^_l_u ^J-J V J ^ mil Luu ^ ^ 1^ J3~ L ^~* L-)’ u ^ JL5 ^ c)tM ^ ^ I l X» 

^-o La ^ Lij I ■ <a ^Ai o 1^ t a ^1 1^ ^1 (Sj ^ ^ <s^ *-i^A I j Li ^ j ^c_i I t_S^J ■ a i ■« 
^j V la Z j^ ^ jj i 1 1 1 r> La. L I ^Jjc. J LL ^jn \ i Lu I j Llo-u I ^J^5 Lj m ^ I 

I ^a ^ - Ai ^ A u ^j-u Jim Lu i S 1 J i^ I ^J-ULu-Li ^u-u^j J ^Li^o I I J i uj i Lu Aa^ ^jao A I 

‘ c5 j 1 1 1 1 n ^ L l.uL.i.^ 1 6‘di Li La L ^^aj] Li 1 54 I -uuiIjLu I- ^ 6 j L I ^auii Lu j_y*-o 

L — J-lI I ^vlc.< (_5^ua Lj i^-L-i L t>j jlj^l jjl 6j!iL c ^ jjl.^Ai £ ^ L oL»-iuJa63 

tS ULX L9d‘ Cj ' ■ Q4 ^‘ ^ Luua. i 1 1 jjjaL l j£ Ljj £^ ljj c^ 1 U ' "J^ 1 n 

|__S 1 ^ i I ujjuu^ut ^ i I lijj-ij^u O-i-U 1 1 JJ-1J I < Lu jj),l.i u (_5^jjj I— i 1 ^ i I ujjuugut JjUuujjjj< (_j^i-u JJ< ^ I J-i I 

■ x i ■> I - ^Ai ^^^"UU'O ^ ^ a ^guiuxAJ Lu I ^u_u_Lfl^^u ^)-lL-i-t Vi Ij i S 1 ^ i i i tj^uu^u I Laj La 

( jua Lj Jj i i 1 1 r> j^jaj ^_i L ^j^u-oLa ^ LLij I J L^..L : ' i ^ i Vt ^u p Ljj I A lj-u^a 

-^^JJ (_jwO La ^a «; Ljj I jJaj Jj I J-uuU-i Lu >_u u LLo 

^jm i i Lu L J " > m i^jjjjjjuu I ^j^^LuuJ ^S^-uJa 49^^ ^ ^ uLi I ^ i ii A^ 1 lj I^ia I 

^JLU ^guUULAJ Lu p lillj i ^i ^k.l L. A ^Ai i I I l*>L ^guiUXAJ Lu I ^.UQ L^J L jaJ^ Ju-l I 

- jjjjuai (_ 5 ^jao ^-jj jj I J K i i (J-clLi j j I ^ ^^A. i L J-iAuu uLi I ^jAa n 


I jSSIj 
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‘ _ * I ^ gn \\ Lljj l_S ] ^gs_ o J ^ I J±iluj ^guJ jgJ gJ-O ggJ g l^-la ^ ^ L ^ ^ yl^J gJJ I 

j^Lo ^g lilj Lg < <ng JjV jlis gjjjjL-u l_s 1 ■ L i I /\ . . . I I J 111 jLa ^1-Vu I (^giAlJ^ AA l I ( J^~* J-° I < Q?A..I 1 I 

dj-iiu-n-i I J^ij^AAiLi-o-iAK ^^-ftj] Lai 1 nl 1 11 1 . . 4,'u.^a-ci — ii5i L_<aj jj I (^j^aj] Lai L d Lai Lia 

( _y-a^l^.'i5L'.i jaj L j La j \ \ 1 1 1 (J_LLiUj .ft i I \ ) i__a 1 dj mini I Jaxxuj jj I Lai L d Ll Lia jj Lo Lajj I 

1 111 iLai ( j-ij-i ^L_iJ_a LaiJ ^au ^-J I ja ^j. ~ s . j 1 1 i_i L d Ll Lia< l^jj ^ j im ^j I J Jjaj Jj 1 Ti 1 nj LLi I 

Jj -^j < 1 — ai jj j , 1 m j jjl (_g. j 1 1 i’n j-ujjl ^Rivista di BioloQia Jjja L ^-j-ija 

gJJ Lji ^ I i AA Q Cj Ij X A l»j1 l_J L ^Aj gJ-LJjgLlJ gjJ gc^kgl LgXOJ I L g Mg ^xl^. g-J Lo guJJ L_u 
Li ^-A-l J 1 1 1 11 I J J)^ < 1 1 j|g I ^ 1 * 1 1 Llo g<i 1 1 Lljj i_^gi Ig j ^ ^ 4 ^ ^ P L^Jj I ^Jg-loJ 

l£ < i»jj»0 gl g*-0 L^ Lsllg I gfLLg^XJi j|g I ggXg 1 u Q I J I i ii U Lljj LxiJ 

Isj^ ^ l ^ 

-0*4 

^ajj diLoj ^ilj cAA *— 1 LajAa-j bAyzt- ^3i I-Liai ijJJj i-^-i I *A-ij JtA 

jJLj ^jSluu. 1 1 J-1^ I J 1 999- Lftl L J Jj 1 1 u o ^ LSjj I ^ijia-i £--i J^a^o I J i n'l 1 L-u 

U^I 

jau^ ^n 1 1 La. ‘ * > ■* ‘ i>“ iAH tlA-) LJ ' J 1 LIj Lai 050 ^ AA ^ Laj^ajj ^ J i n Ij ( j_iaU I 

jj^ I J (j^-o ( jj) a-Aa-Q ^ji L^ i ^ i L ( ja^ ^Lft^j ^j^J lJ^ 1 ^ L jajaiLo ^j I Jao 

C^'iAH L dll H 1 L J-lLo tj^-o I 1 1^-1 ft JAJ jJj-IjLaI JajaU-I ^iJjLai jjj-lLLoJ (Jaxij 

jJ- 0 jj J .ft ^ J 1^ lAH ^uU I jj I J i uAJ Lai j Ij-J jjxi J (J^-0 lj-0 I . 3j-iAa L l^J 6 j I Jj I 

"-C*H dAe iiA 1 ^ 

Lg I iS^ *^0 ~3 ~y ijy LLi ^ Lj ^ I J < < i *1 l Lljj ^ ^ Jj Jjx ^_ljjJ I 4_^J I ^J Uk Lj^ ^-uj ^kj I 

^La. ^ IajI ~ajSl ^JAJ A 1 " A L^JJ-* i$J^ J-* f4 A >! Aa^j jJj -o 

^JlL^J ^g I _lix Jj^ 6^ ^gJ J^j^ g l£j I ^-lu ^JJ Lo I Jm n Lljj ^ j-u I / >-j i ^jjj I V Sj < /*> 

^jJyJ ^ 1 J < UJJ Lljj 6J J-} lIiJjJ ^jgJ-O L^. P L^Jj I ^J£J^ ^ ^g-0 L^. 

^jgJ I J < ajJJ Lljj ^1 Ig ^_lj^ Jj JjJ (g^ P L^Jj I jgwO L^. ^ p L^Jj I I JyJ < Li^-ljj^ ^gJ^J I JjljjJJ Lljj< LlA^g 

j^xjI ^jAa-0 ^.LLo l^ c^b J jA LH-^I jA^'Lhi- 0 C5 J jb C^-A'O^Ui- 0 uA-'O^Ui- 0 (JJ^A A Lxiaa. 
^ pULjl ^jJa AiJLkA ^ ^jl^ ^ ?IaL)I 6J <_*H AA lAAA ^ cAA (A ^ 

JaLaia P Lajj I Jj-taj jj Ij o A JJ I • ^‘* * ^ J jJLjJ. i I m ii j-Jj jj-i I < (JAi- 1 Lo tj^o La. 

1_*H l^°La ^ jJaLLI I dia ^ ^-Lj 6J iAV cA J" ' JfA C^ J H5f* (^-^LLlxi 

-^jAl ^_aLa t Lajj I - i j L i ^jl J I mj Lai i.uh Lljj lAH £j"lA ^ J £.J i— aj-L ^J^AjJ jjl 

jjj L)lA ^ Ll CAlAa L JjAia I jauIi Lai j-Ai.^ i jj-A-l Llo La jm’ii Lai (_j>j-i I .J^-o o Lajj I ^—i j-lai 

^ L ^ j-Lj i-^J I cyi La_i Aj Ll jo La L JjAia I l^ Lajj I ^-aai I ^y) ^ ^ 1 1 1 lJ^A lSH 
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f^yu I jj I J-) ^Si CaAaSa. ^g-j-i ti 1 Lu Jj I U ft Laja 6 J ^_1 jJaA ^ulajIa L_u i^A I jj I ^ Li L^. Ij l^A ^aaj 

^yjj* Laa O-iojj J ^Ca I ^^ao p 1 86 1 Jjjj I J <jaJj U- Ci I -Ci-J-} lJ^ 1 I > 1.5^ ^ Ulf ^jao 

^aj-Lsa J LI9. iS~*J L jj 1 j I ' " (Jj^j < ^ L^ I ^^ao La 5 U fiA. l^j I ^jAAjJfcA 

^jlJA LiA^j JjaAa "i ^Jj-L=a OA* '"-* JJ I <_£}-} J Lo x L-u I i_)i ^ J-A. HaS j ^jAy-A ^a 

UlW Laj^ , — if ^_yj I 1— Sjaa^ (_^u I ,_j-ao-^Lo ^jAyA Ca^aa ^ < u ia L u £^3^ 1^ ^jaj I ^AaA_o -*N >3^ 

Laj^ JJ-o (_£jao ^-i ^jao (_£- 1 aa ^ 1 1 jg Q 1 Lij Lo L j l£-CiV I I L /ja'ia ^aIc. ^_i s 

^)AA 1 Si ll 1 ^ 'l 1 1 1 ft Ll J^A L&A. ^Aoll Laaj ^A I3 ^ ' I A ^-_l ^jaa ^1 1 nl 1 it ^ Lajj I ^jjj I Ly£ J^_A ^A ^jjj I . ^A 

. ^J-o *-^a ^ \ Jp La^- ^J- 1 A\ , 1 1 ^1 ^jAyj gj_u ^a jJij ^a jaAa iJ- 0 c^ 

^-u Homonites La ^x$a [ 5 j ^ jLa e x' ".jt^ JjLauaI LSajI L^ j^La ai I ^ j^^aLaa ^jao-j ^jajaaLaj ^1 
^-iyj JL-u ^_iLj jjj I n Dosnopytichest ja^uu ^jm^> ei Lucy ^- 1 ^ 

JLaj jdjj j-Aj- ^ j-° JLxi gjL rn Homosepians j-Aji^jj-o ^cLoj ^ ^j-° 

(2/ ^ j n 3 j^ JL-u j 1 jj ^jxuJL^. Lj JL_u I Lj 1 Neanderthals L jj L ai 1 

Sojerion L ^jjA=kjjjj I "I 1 Oromagnon 

Lj^ jJaAS Cj IaA-^I ^Lajjl ^^AO ^ 1 1 DJJAj^J 

J I J^. I J h I Laj ^ 1 11 ^ ^ ^ LS^ J J l^jj (J-^-uJ^ ^jaas ^_ji aj" 

^A'iLi (. ; LC i A \ I JT jL^ Cj^aI I yj—Li ^1 1^ ^ La Jj_i d^3"i ^jAiAJ j^j-oLi^ 

J^Ijj i.> The Can,t Ape And Man l£ V L^.^ ^ ^ jjjlj ^ 

P LCjl ^sJjJaj UJjL Cj_>aI I Cj jJJj< ^-A^J ^jaaIa^ aJ^LL ^ «;Lajjl ^sjjJaj Hoyle La 

oL^La^ jaLs . *\ ' I Salosbury ^j^aaajjJLaj l^a JAI t A. jmu l^J I l^a I Iaa I I__S^L^ 

Jjjl J Cjaa ^jaIjjaak ^ ^yl kla jaL LiA^j JaL ^a ^ aj -LC ^ Jjjl J ^ L^ ^‘ 0*4 i^t^La La 

CL>L !_>" L ^^-Aa (^^kjiLiA L CjLaaLaaa. j-jLo j^-Aa j^aa. 6 j‘ (_$>- a^J ^aL^ lii I i__a^Lk. ^ajJ^a 

l^ j-Aa LaaJ ^^aja^ IaL^. La La ja ^jao c j^Jj) < N < n o '*L < S n ^AjJaA ^1 j^-Aa ^1 ij^-'-l < _>-aa ^^aILao 

-jji jS cXiyA l£ JjAiiCI 1 $ I Ja. ^ ^^ao JU La ^ ^ LaaojJ I ^ JjyA J I La Jaa 

Jaaaao IgJ^ l^ <i LSaj I 


C SJ&. Lj-oI 


£^5^ (J±° (JJU I L^-(Jf(j ClJAA ( _ S aaaAaLaj 


^jAyj ojaa ^3^ ^^a-o jIjaLa -(^^-aa (_jaaj^ jjla ^ ^ I j^aJ ^a La^aaj^ (Jajaa ^jao Paremishia 

^^1 ^jai L^ja^ c£*"0 ^ 1 ^ La ^—{5^ ^ 1 n 1 iLlxi Jui 1 1 n pL^ajI oLaaA^a ^mi jLaj ^Loa ^^1 

j A- ia 'b ^a ^ja ^jaj^ J U i " 1 Probability La ^jL^Ail ^ nm L-a 1 ^ ex^ ex^ lJ^Li e^ l) Li . a . 1 1 i_i 1 


-exi 


ijfs n nL 


~a JJ 1 exi 
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03 * Lj pUjjI ,-JjJ kj 

(/- LlAa< A I Vi I "1 ,- 1 <**i a) 


C$4 -j 03 * LljS Ufr“ 0 -J*-L LiLjl Li La* J-} ^ -^3 j^l C^oLua. '. ^ao lUuj jJ Jj-uj UJJl^L?* 
^sJjiL^u -~aj Lajjl 0*^ ^-i-xu-a. I JjL-ujl ^Lajii^jj l^ ^jjjjjj 

6 La i) l^ CjSLj I j -~£->jil !iL-o ,—a-u.i l^ jjl ( _^jLit^a.Lo I J O u 

^j-u ^aj I ^--Ai ^j-u (J-i-uj ^jxu Lo J I ia I j f L I ^ Jj I ^ Lj£ J-J Lt -~J Ljj 

^s-*5~ 6J bj Coj^ <jLr?- o& c^-u j* ^ Equator — !>LxJ ^ 

Oi-^bA 1 03^ bj ufi-j 03^ ^LSjjI v l ^ OaxijJ 1^ plijjl jSl< c?i 

^jlxi l^SLlo j-Uj< ^1 ^^ao jj_jaj jjjLa l^ (J-Lxu ls^ ^ Li '‘N 1 ' 1 -L^Lia I ^^auia 

J^aj ^jj ^.jla L (J-u n l£-i I t <.jc 1 1 ^ ja I ^LLil I J-u J-Lxu U-3^ JaC- (_g> ' ula 

'CW ^ c*-° 

lJ-o£. t^ I < ^ (_$--> La*. f£ J Jal J Cj Lai Lsa ^_^aa L jLujj^ ^ja ^^ao O-i Loa ^ajJaj o LSlj I 

^ ( _jaa Lo J ij l^jj (J-ouji £j-t= (_>u I jj I ^aj-s l-)^ 0 3^13^ J I -Li La. ^ 0 . Loin v_j L L Cjy-i 

^g-Ai Cj Lp La ^joa L Jjjjji k_jj I l-)^H L*^ 1 1 fH b® J j i-aS-i ci3J ^ -L ta ^ Lu 
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u 1 cje-° ^j 1 C o " 1 -Oe-J - 0 ^ ue-°j j 1 -^^ Cs^ C' i^aj U. d-° 

__ja- L- (J_Ljjji ( _g-^ ^-jj I ^J IjJ 9 i ^i .1 i *S j i ii o L 1 mI i n (_g-i L loj J ^ L-ulS I 

l£ jl-i*J ^ jl jSl c-jlo ,jl ^A^ <^3^J JJ^I ^La- ^ pLSjjL^ UfH 

^ Cj L yj J I J-*i -~j j-i £--> La. L£ A j lj-o ^j-u J I J-*i ( _g^ Ul 5 J I A La. (j ^Aj j 6 A j ^jj-o ^_j-A La 
Cl) Li Lia. ^ J ^ ji j- ^-.Aj 'J ^*N jili i ^ i i < ^ j < 1 1 a L) ^1 i mI i i) Luj J ^j i 1 1 1 ^ /n l£ jii j ^-j 

- J-i c*V <-4“^ 

C £ LSjjI Of* £^jL) ^ (^jjj^il (J44 ^A^ 1^^“° J^J Lj j^oL 

c^T 1 - is'\ <_*“ J J9-J JL^L?- e5i ^ ^ C LS^ e~^ *J ^ i_*H c^A i^-°La 


£] \j ^ J, ^ jjjjL^. (ji.1 6 j jlJ ^ LiLa. L^ Andrewsarchus mongoliensis 

£_ i 1 1 j*N 1 - )-j, ■‘N ^-j ^-j J I <*n 1 I i i I- ( _^ i 1 1 lJ^V - 1 CLtsLijJ ,» i ~i L^ ^)-u I Ai 

d-*-A ^jA&a-o J^j L j Ljja. ^jua. ^ _x>j L?. (, 5 -^ 1 1 l _£-*-s lj (j ^ d-i u^-°-° 

- O y-J LlLo CjjA (_gj L> Lj (J-Ljjji j ^ CiliAA-^gl 43^5 

H 3 A ^ c^i t_J 4 "° 434^3 > J-u 9 J ijuuj^ d - )-)* -' Ul 3 _J^"^^^ )_U d j_jjj Lj ^jLoj 

j J9^J-° jjl L 134 Jfiji-o ^L^lil LlLo J->-uji ^ilj ^Iji 

jjL^ L jjjjj ^g.jj 1 11 Lj Lu ijSj LlLo ^^^-iL&j ^LLui ^jjjljjL^. 

C 5 J^ ^ u J U 3 j I-?- u I (j I jlS I chH cPj^ fH ^ £^-*1 i 5 ^“ ^ - ' 1 ^ J a *-^ 4 1 £ ^ I 

LjKl Csj I jj I ^—1 jJ-*-i I_ 11 N L ^-ias lJ^ 0 J-i-^S-^ u I- d*N I T| o (_^-A-i jjj I CjjA ^-“i d-i-n-i JJ I 

c5>?^ Lj J-ouji Lj-r-" 03^ J-ixu «-^jl ts^ ^jjjl J jLi 0 \^<. JL J^iio 

LLa Ljjj Jj-ni [f-i UJ J I -ii L 21 (J_ujji ^—1 ^j ( ^flJ-i.ici ja£. Liy^ ^_i J Liij £j Lii Li£i 

J^^-Aj jlyjal 1 ^ (Jjljlj-i/' (_J-i LajJjJi. cA 34 543 |_9 J-ii I ^ (j-mi i_$-j *-^41 ^-J — ^ '_' J-- 1 __)J-) £^lj^ 

'ChH 

ojji l£ Adaptation to the environment— cJJi I ^LJ^L 3 ^ J, P LCjl 

UL 3 AP i^LjKj^ ^ lj I^ifl 6 J oe - 0 f-^ Ls^ CS^ UJO^La. 

£~j Lj^jjjj^ ) . S I" o i^jiJ£^< 0 -oLixo- ^jjjjjiL^. ^j_u ^> 11 ^ ^ Ljjj jljil jj I ^-j jjjLjjjI'Sjjj 

jj I L ^jjjta ^i cjjj i -ii La- - £~j ^j^-o-o Li Liij 1$ o La<-. I ^-jj ^j-o (jji I 3)^^ j“^i i (Jjjjj (_j-4 i-^j I 

Lull Lja ^jUi tS~l "i i -i * -l jVJJ-UJ-OJJ^ ^1 (^-.OjV £-j] ^--j] ^^Jj-O Jj- 2 -J I l j ^ J I 11 

jj L£j 1 ) L &34 i Jj-ui (_j-jj I jljjLa. t>j ^j-u ^aJjj jIjjlj ^_j_i_ojjsjj^ jjl Lli iijj 1 _> 4 y-j 

- ^j Lj I jy_Aj ^ o o Lj Ljjj ^IjiL^ LSi jjjj ^g-j i n Li d -oo - 1 i n j I A Ln i ^ 1 1 ^Ai 

Jja-jjJjlii J jij ! h^ LJjjijjJjjLj IgL Aa jjl tjJj- i l ajJJ jjl (^-La-J ^LojjjI ^jJjs ^>Laj ^ oLijjl 
L 1 L 2 - Lj^ 3 jLjj ^ijJai l£ ^j] i_J^° -i> 7 *-J -l^a- d^La_o l_j ^.it^j ^j-u ^ALo 

J> J jj! ^jL S ^ Li 6J< Primordial Soup Theory— ^ 
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Lai cJ L. >_ u iij j ^ L of L. ^J-clCci j jj Ljj L ? I j^. I ^ j Ll 

43 ^“ CjLjl*-o ^jLu ^ Jjj^ l-4-° £2 j L° *J-c ^4 JL^ Jid <■" iSy^ 

^jL ^yn I ^^ju I Lai 5 J L jljuL. CliLi ^£jkaujJ jjl £~j-u lJ^T^ 4?*^.' 

^J-1a I ) Li .. i I "k 1^ ^kAU ^JLJJ ^J-tJ I .--1 kliLi ^£^kLU^ J-^^^^kUU J ^3k-U2k LiLl ^^k^ j^JXI I ^^^^kAl J^^j-lj-lli I^J 

Multicellular jli^ aLJ ^ JLiu ^^sLk ( _jkil 45^4 43^ Cj-b l>^ 

j; i4>f 6j LlI JLoj ^^sLk aLJ ^ j) 1 Ar ,. jL ^ J4.L1 <44-° Organisms 

.L£ LiLu 

k Ui - o j^jl ,jj-} ^ Oj-j Mutations — ^LLkLi ^.l ^jjl L ^.jL ( _ S kiilj L $ 

J-° <j-J Lp <jAO <jl ^ Lj^-J <jJyA Luujl (_$v jAO <jJ-JjjAJ jl <j 5 LJ-^ L^-^ 1 J- 1 (jl 

^ j UU ^-ij 03 4 i 4 -°^ 44 -° ^ I Lil I ^JL- ^1 111 J -^4 ^4 44 ^jj-uj^>jj^ L 4 jlJ I ^ 4 >- 

1 1 j ^ i^ 4 j I jlji Lk 6 j L£ Lu-i I I jjJa J He. ^ Li L.j^ ^k L Li ^^ko ^lA^j 
-I i^ 1 1 1 Lli .o j ! Ju 1 -k Li j ^ cj^Lo ^a 1 ^ i “ ^ 

.^j ^=>.j jjl ^.Lkili jLc.1 i^jl l^ 45 -l^-o Lts_o ^ jx^Ls Probability L oLijl^ol 

L j-S ^ jj) 1 <~i i ^1 jk I ^ /j5lue Li jJ-*-i iS ' “^ b-4 43^ -1 43^ ^ Cj 1 Lu 

^ ^L*-o ^^ 4 J-d (- 4 ^ ^4 jlj! ^jl u4-^ 

^ u4(i ■— ^ - “ j- 1 ^ J3-I 3 J -q 5 Lq Dating method ^AjjJa ^ . h*m i Lu 

^ cl* U 4 'c 5 J 4 * J i-° c:-J J-J OV j 4 ^' J 4 ^ ^ c^ 3 - i^ 43 J“^l ^ 

U^H-J-> c£ 43^ Cn^^Lua j_jk^ c:-^34 ^Mutations 4 jjt 3j l j - '.l 

oy^ u-i j jl? I *-^ I jl 3^- u I ts 1 "j^ j^-^ 1 1 ^ 4 -“-° 4 f b-^ I j I ji L^. ^ lj ^ L=k^ ^j-i^o 

sS> ^ '4 > ■ ^kl I V L j Lljj j) ^ * I j ^kul 1 1 i ^ I. ^- i I i it t i 1 1 i I Sj i ^i I ->. 

. Li L Lajj^j-Vli jj I Li^j i _j [j^k. ^$ 4 -^ 

^jxi I I J i 1 1 *i i Lu 6^9< di Li ^4)^ f*i 9 1 * n ^J i 1 1^-3 ^*uj ^j^Ai^-la L<u£ 1 1 i l^k 

^k^ Jt3 I ^)IaL^ I u^iL j I i i it ^L ^.lu^ ^Lilajjku-i iAH £ d l -QkXe i ii I 

L ( _jwi Lu-kj I cdj^ ^kj)l» o J-^ 1 . 4 - 43^-44 l- 1 ^ L jii Llo L — kilju l.L^k i 5 k 

Ijr^ ^ d' ^ iAH clj^ jLa^ikil ^ Ij^ ^ cJ j4j j c^4J^= J^4t'-X34t 1 - 

Jj I I Ijd-i ^-^- 1 0 1 1 1 1 1 1 t_j 4 "° “i *4 jj l 44- 1 1 A 3 0 ^ ^ '— ' ^ ^ (_j 4 j (_j I ' uAj ^ 1 Vi j e > Q_)kLu ^^454 

^ u44 lJ 4-° 4-1^ ^Lki ^ ^ ^u^-i t^klil j-^- ^ c>4-oj ^ f^*- 0 c 4 -° 0>*4J-b 

/l i— i^k ^-L l 4 - 43 ^ cS^ i_Jk 3 ^) I “L L^- 6 Jj •> jj (_£--&4 i_jL 3 f“ 1 ^ J - ' ^ J_u >— u 11 ( U 4 -°J 4 4 Ls^~ c 4 ^^- 1 l-? , 

^jlu jk 4^. Cj. kfl 'Q~k , — i. ^kAi J I jj Lk & J Lu 1 Sj-iki 2 ^j_ue J^u LLa a LLj I 


.1 ^Ij 


J (V® 1^4)1 1L4j4' 


www.ilhaad.com 



J-S JjJ I 


25 Of 33 


i Vi ^ < in^ ^ ^_l_u Lx_u ^J-l-u Lij j) <^f Luajj I Liy^ L^ Lo ^ p L^jj I 

c-Uj < ^ C5J^ U ^ Lj^_ ^ < »» Llj ^oj^-o 6 J Lo L ^jaj-u Ul9^ Luoj I L ^ ^jxi I 

<^J JJj ^ab LL L^jlJJ 

Luka ^^.il j^<) I * o j-o£. (_$^ di Lu L^. L (J_Lajji Jjj j-j Lo Lajj I ^—i di Li jj I oLa I 

L 1 * I Ti ( _jol Liu L ^jJ-0 Lika j Lou ^ J-2b ^jU-J ^-Uj^ J LoAUu I) I 1 4 JjJ j L Jjubjui ^jU-0 

Solar — '" ) l j l jtJajLxi (_jbj1 c^~u Cosmic Rays 

<~j L ^jl*-o ja£. J-i-uji ^jiai L yi\. ( j^ L^L-^ o * l ^ 5 ^ u^ 3 <_h-i1 jj I. ... Flares 

i. . alirbui ^juui Luka j I LLo ^ju j L ^yj I ^jao ^jj^j i ■ a I" ~b n ^.^uju^ ^ju^u * ^-iA,> J-o-Lo ^Au jia 

-c* tS 4 J 

of* c^>?^ a"' ^ ^Lu is^ £ e=l£ jLL uL^jj ^ j-*- 0 ^ u^r?* 

_aj-<-ia j^Lujl ^ ^ b_iab. ^-aj Jj- jl t l Lo ^ Cj^ 3 ulhj* 1 Doxtro And Lovo UH^ JL9 1 c*“ lj 

Ay^-3 c^ ? L£uj I 1 ^ (j L-ou I e ^?- 1 o“ I Cj ^ 3 <_>“ I jlS I lj^-! c 4 ^ j i-° Cj -^ 3 I 

. ^ LiLabj^ ^.l£L ^sJjJaj l^ £- il 

Lju 6 1^ oSLi^bj jj u-°j^ jl9I ^LSjjI _hL° ^ j?* J4b^ 

. Ijj jjjj -L*-i ? LSjj I j-&j jj I ^ Ll j I jj Lb 6 j Lu I j^. ^o} 

jju L l_L Li J j ^ i'*!-! L ti If 1 11 L I J 1 in Lou ^goouuOouui ^Jaj AblOQGnGSlS 

i—Sjuua jIjiLb o^u \ e \ 1 .il 43~?3 £^ j_u p Lull I jljjL. jut. ^s^“H3 

34- 1 1 ^ '-j ^ L-° (_gb-ou^ jLou I j ^-ljjj L ^ I i'n 1 1 1 I oLu (_joj j I jjL. L I 

^ — b~b IjL l-ou-l^b jLou ^UJJ I J LjJ l_JJ I Juj I gyu mW I c 4 jCu 

- i jfiLc 00 Lj ^oi j^jLLo oiiLiuLjb. L ( _jo 2 bjiLu 


JuJj^ ^ ^1 j^l ‘-Si LSJ3±^ Lj pIa^jI ^J>Li 

f’Loual L Jjui, (^Jj-u ^ ^jjjljjL. l^jIj o_b^. ^ LlA L^j-jL^ £ 4iujl 

l_j^ ca Lj j jjj L^. Lb i.i 7 b 0L1 1 aslj J Lou jj I—Sju-^ I jj L^ 3^ ^j-Lj L ^l] ^jj-o ^3^3 

j jj-L ^ Jj-u-j *^jl RGptilGS ^jjjjjLb ^Jlj ^S \ jj j ^-Ujj ^ L^ cajL 

Ju-u b^j I ^yjj ^JJLI LbU JbOU 0 L 1 1 (JU I- lj^ Clfi Lj J tjj-o (^^oLoj^. (^^bJJJLZb Jjj Lb ^ol- ^bj] 1_J^° 4 $^lS 


I j£lj 


oA*L J jbjJ I juiujuj 


www.ilhaad.com 



Jj J^)J I *-j^Joj 


26 of 33 


^ J *-^J I jj I ^^Ai jj< ^Aj Cjj I J ,jJ-o r' )J-^~ I* L-“ LiJ j Ijjj jjj L. Lj I jj (J L_u ^jji-o ^jjjjJ Lu-u 

Lj UJJjj^ £^b £^“J e^Jd ^(j c^jl ^ cd Ljj£ J^ JjjL^ A ^ tSJ^^ 

i_jaI l^ ^.Lia. ijftjl Archaeopteryx jjjL=>. ^l jjl ^ ] ( _^ a ^j-u jLu jiplj 

I ^Duane Gish Ph.D jj (JjL^jj-j ^ja 5 Ljj ^jjjI ^-jL^jAj L^ o j ja^ * ^juLL^ Lj 
A s A Transitional Form Archaeopteryx Would Not £ 


id 


U1I 


uJ-* 


-La^ £j£ jljjj j>iL?. ^j jj isy- s J* Jdj-!^ J* ^ <jd cd^ 6j ^ ^LFIy 

^ L^jLiio ^Icthyomis And Hesperornis ujjl^L?- j j jj 1 jjjL^^J <d ^jIjjj 

jjj U. ^j J^l ^a Lij jjjyj ^jJ-o L ^ p I Jjj I Jjjj ^ j^. ^Aj Jjjj jj-J Lijli-o L.UM ^J 

^Jlj ^^iA^j Jllo ^ £jJa <jJ jjl £jJa ^xiLj^U. ^IjI VIj ^J^jjJ OiJ^ ^ Lju 6 AjJ Lj 

j-j Lla j I Jj ^ y jujqJ ^j-la jjxi I jj I (jJtfl ^ lj"^<d"A i 11 ^Llo j I Jj L^» 6 J i^. m lj ^\ I n ^j_u d-^dJ^ 

OJJ^L^. ^LjjJ jJ*j J-d>a ^j Sa$& l£j J £jjj£ ^ ^La^jl jJ-i-J ^ ^dj^ 

JLo ^jJ-Lo J^jLUji ^jjuj L-u.^jj^ ^JlLo ^jJ-o CIiLjjLj^. i^jy > Lj (Jjjjji (J^-° J^j "i ^ I i ^~i I 
Flying j£ 'j-j jl 9^ ^ ue-°j j?- cpL=>. j^L?. ^^1 

^1 jA Archaeopteryx ^ ^ Li^ l£ ^Lu^L* a^-^u LiU Lj l£ reptiles 

jj L^- 1 6 I lJ^° om^. i-i ^ll i < s'< i ii n l^a I l£ p LSjj I ^ s*l ^j ^aaj ijj-o (jjjjj L^ 

j-jLk Jj-oji Ja ^Lj^U. j^l lgj$. l£ JjLjjjj Ja ^jjj^U. ^Jlj ^^Ijj j^l ^jj S ^ ^ 

I ' iin. ^jjjjjj c^jl --J ^ i—'-a. La ^_jLiuo ^jjjjjj -IjJ^ jj ^sj ^ ^jj^ c^Jj^ 

Archaeopteryx Lj ^^.Li=». ^ I i^ L^jj-j > . q l " \ n o^j c ^-u ^jjjjjj j Ia . jj ^ tsA>° ^ 
^ j l c^-^i Furcula 1 j /- jj * ' ^ (j^l jjl ^ I j-jj^ - ijj“Aw ^ ju ^ > Ljj 1^ ijjj^ 


£^-“ I 3^- LJff- 1 '— 1 L^ lJ^-° 


J_^Jl 




Lj I ij^ I- 






^jl_LOjJ L 1 *aJ I ‘s*' I ii fl lill ,LajI ^ La 6jjjJ Jjl ^A^JUJ I -^JJ ^-J cdjl 

jjjj " I n ^ui j Lu jjjj I j cii l.tii^at) i s~i jjjij^ I ^ jjxi I iah tl^di L° ^ L^jj l-y* 1 1 ill i ii 


^JJJ J Lo JJJJ I J jAl ^J-la I n^ ^A j^Jii J^ J-J Lt l*q"^ I |JL>I Lj-J (J-J J \ I Ijj^ 

^xl LLus l£ Cranuim ^ is ^ cA?- 0 ^ *^jl ^ lj^L^ t_jd° ^_aj».-Lj 1 o ,jjyj 

Liy^ Benton ^jjjjj- jLo jjjj l j ^ ^a j^aj (_j>j-I-o ^ ^jjjj lii I ^a jj l_^ 

UJ“A>» — j LjA 6 JjjJ jLa L^jl sA^^A ^$AJ^ j-}LJa ^JjjA^ jjl ijLjJj ^ JJAJ ^ (jxjl 

jjjj». c-a Haubutiz — jjjjL^.^! (J.< at £ *-*■■ u jm^ c\ I 

^1jLa-o l£ Quadrate 

!_>“ I u j^ 1 " <s-* 


^ L^ j^l 


jj 


^Lajjl S ^ ^A lj ^lo j J ^jJa ^ <jj Ajj ^Lj ^J^ 

iah c^- j^ j-j*-L=> ijd° ^Laji^ ujL*-° ^ u' jj' t>jL^ c£ J -^j-° ^ J^L^- 0 £ l£J^ j 

iS~ u ^ LS^ c:- 1 ^ 1 jjl ^ g jaai ^j^ J.^,1 o:Ij ^ Archaeopteryx L ^Jjl ^ 


I jSIj 


j jv® c;^b * oAaj^i 
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^ Ljj^ ojLj -Ulf- l^ jjjj^Lo ^ pLCjl L(_$LlLo c ^*-* 4 jLu .jlLL Cj^= 

oj-u l^ c^-v J-^ ujjo 4 ^-?" c^b ^ ij j Archaeopteryx L ^=*.La. j^Jjl 

( _j-i*-i ^<iVuul.i I jjjLi Li j-t-alic. ^jLili Osj. (_£ 3 C.J /—> Jj-ij-iLa LSlijI 

I jILi I I ^_i Lla Ljj ■ ^ j * < " a ./; i *\ ^ Li ^ q I 1 1 u L j-u Lj< 1 * * L^o L 

j^Lla J-l ^_1 Lj-} Lj 1 l jj. O l^ j_4-£sLa£. jj L ^ l~l If l-^^^-l c ^-*-* 4 J I jjL l-^j-ljJu -0 lL I 

il ^i i_Li I J^J L l^ I I d-* 4 ^ L ^o_u ^ ^ Ji 3 ^ <S~^ I o ^ -4 l— - < > ■« I. i i 

^ Lalijl ^jffjl j-> ^Lo k - 4 b ^ <_£jLi *J j^l-^ ■-^j A' . u . a LjI IjILJ ,jl ^ ^ 

jl-^L J^l ^ JJ ^KL ^jj-o ^j-ili Jjl 6 J ^ *_a ai-! c~^ Jld oe-° 
-^jj-i _*\ ^ Lj Lu Luu-ls. ^ _£ O-iU lilf jjl Q LLLs-li ^j^jljjOLiLu 

JJ ^ UJ“i$i oe-° J 4 ^ O^b-! J3 ^ ^ c£09^‘ ^ oe-! cPj^ l£3^ j ^ O^J -!*- 0 

j^j-i jjJj fL^jjl jcjjjlLi (jLf-j ^ cyi Lij^ j^Lla tiL^. LL l£ Lua I ^jjjjjL^. 

d ^ ^T iJ - u ^ OJJ^k 1 - 03^^ O^ 3*\ ^ ^ Jb 4 - 4 b*-°-!-c^ 04J 

^-u ^ 

OJJ^^-cA 1 03^ JL^k 1 - ^ f- 4 -^ o^^- ‘-i> 4 - a Of 41 OJOibr 1 " o' £i 4 - u O^ 44 ' 

L^-i '3 ^‘ ^ L^.j u I j_u ^ I O U. ^ ) Lo ^ i ii ^ I jj ^_i ■ ^ 1 1 ^ LiLij I I o^v 4 o 3 t^ ^ LujuA I 

i^jJb ,-J l^ ^Lajjl Q_)-la ^Xil-^ (^Ls^ ^sj ^ LaO I ^jjjljjLs^. 

- ^ Ljjj Culil li If 

l^jI jjjLsb. (JLlxi j^jJ-o !j^-o JjI-xj-ji^L ^j±a 1 994 ^ ^ ^ oij -!^- 0 ^ Lajjl 

^-U^o J-uj L ^L J^i ^ ^ Li^ ^Lk, ^i^Ambulocetus natans ^jUj 
^jLj I l j(_j l g^ j) Hooves o 44 ^ o- 1 ^ c ^ 444 o 44 ^ 

^j_u I jj I loll La. f^lxaj 1 _)^- 0 Qii^ ^i ^ l.y*S ^i l^ O L&li Lij I i ^)^- 0 

o jjj ^OiL^ialc. Transitional Form — csj^ o^b^j - 1 ^LSjjI 

J^A4-^ 09 I of 4 ^ oe^ 4 ^ 4 jLs* o 44 1 b^^ 0 o- 4 ^ ojjl^L?- ^b 

^ Carrol — J jjj^ ^ LLo^j ojj^ o ?^ 4 ^ 4 o I ^ ~> j o 44 ^ cb 

03 4 1 -O’* 1 -' 11 1 -*-* 4 o ~>^*- loli Li^a 1 1 (J-^i ^-j -~-i jj I (,,^ 0-1 io !^- 1 Li (_jJo^-i ^j^i I j^-i LLo 

Pictures From ^ Jl>^ l^ ^L^ou ^ u jL ^ j^LLo 

^ ^Lk. j^li^ ^i-Carrol, Pattern And Process Of Vertebrate Evolution P335 
^ , — ii -" *-* Li - Iojj I ^j-ls (^j-*i^ ^0*0^ ^ 11111 Lu Li - ” * * ^ l^^^-i.-^ J-uli_u o^! 

o 44 1 Lil ^a-iL j l£ jjli Lj I ^ 3 ^ JL 6 Ij-oS f. c^J cb 433 ^jOe- 

e.‘ ".;> o 3 1 c^-4 ^ 0 44 1 of 44 oJoiJ 4 - 424 05 1 Ljj- 444 -- C i 4 -l - ' 14 o 4 b-°j J ^ P Lb I 

l_j£. Oj.As> jj ^ Jaj I l^ ^ n (Jj ^ j Li La ^-1 ^ ^1 J L^ O^ 03 J^! 

^ b^ Jljl O^-! ^4^ OljOja. ^JUU jJj*- J^lj^Lo pLSiljLIS cyl j .ttL-^-CLl II ^~UU-1^ 


.1 ^Ij 


o 44 !- 1 3 (V® c;Ljl 
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I I J,i IX \ Lu i— ^-C^JuQ UA ^lJ ^ylSLi I £^j~jj - "•v^ jL L ^-J-Li ^Jit \\ Lljj 

-e*H ebbj oVI^xxi 

^Lo jjLujl ddA ^S ^jS lsj^^ ddH*-° eb *^Lb 

>_ i ^ L&j jj^^o oij (_^u l ^S “ 19 t ^3 (J- j - <> j ^5^ Sahelanthropus <_gS 

y IS pli^l ^jSjJ LS LS 2001 c^j-j i *< I j ft j l,)^ 0 ij^°j d^^- 0 <lh“ j_b 

Brigitte on." (^LaS^j ^ fejoe- 0 c aSj SaS a i 09' ^jCk* ls^v 

ijLo ^S jjLxul ojlj Canine La ^ .^-a jjl ^ja^a&S j_gS ^1 j^LLai ^S Senut 

!_>“ i ^ dri ^S ~° - ' ?* • n i liAi IS UL?^ C» .j I ^jS yu I ^S LyS ^-a !iLj(jS 

^S ^gA^)S yj Lk ^)AyA d Lfl. idAA I ^A ^)AyA LauA I ^%S ‘ <"a lJL-W v _gAAjAA^. ^j^A LaaA I d Li-iAfaj) I /**! "A &— d. ^^gS 

^jjj-jLa a -^ . < \ .Laj Biped Creature — a cd l ^ ^ ujb j- 1 cb 3 dC^Ll ^a 

Jaa IS y Laua I ^S i_^H ^ J |_A J-^ b eb Caj^ ^jJXo S '. I ^gS !jiu La ^jS yu-> La yA jja I 
yya Jjaa$ ^aai ^jAijLa J^a JjLaauI ^ Lljj jilSLj ^jya ^-jjS CajO (.s^Aj djal ^^ai L a I 

-J'i 

1 S.J II jS jj yj Lta ^1 d) LiA^-ag I ^~I A> ^Sj < I Vi a .’i.-.w. I j ^ L^ ^ L I d L^. ^nS ^1 QAii^ 


aJ- 

aSj a_jI ^SjjjS ^-aai cLSjjl jIjiL^. ^-i /j ^ aSjI ^Ls. IS y I ^S 

^aai L^j ^J_j_i_ili J I J > \ d . i ^aaaaA La y. 1 Vt y-LLju 1 S i I ti ^S d>3jL9 ^ L^a (_jwa 1 ~a ^S a Ldj I 

l^Sxa CiL^ki jj I yJzjjLa y^-a. jS ^4 Iji ^jjyi djSI IS Jj-d yya (Jy-uJ^ 

- LlLa ^jJyj djSI ^AAikLLAl [gj S aS^ 01 IS ^ ^ L 

J ^ r> I J IjUUuO < *\ \ I l£ ^ ^ L^- ‘ _ * 1 ‘» ^J_J i^S3^~ ^ ^ I 

.j JL- 1 - 0 <3^"°358 ^-u ^1 jj ^ Laj Eusthenopteron 

ujji^b 1 - cJb c^-jj 6 -^j oe- 0 o>b J j i$ A£A L Icthyostega ^ ^ cw 

^S ^ I a ^ ^ 1 . j jS dfr^ -H^ 3 ^ *-^ j ^ Vr* - Zs^j-i u^° Amphibians 

^dLa ^aai IiJ jjjS ^S LS LS (jj £. j ^ ^S yul.yy d^S J^-b^ d^-° Lb b jjb ebb 

^S d_»-u 5 ^ ^_jAi I S tii g-Ai ^1 dA id ^S ‘ i ^ ^ijS jjdSi d" ^ 1 Lei L=a ^a "a Li 0 ~AAi^ b 

ebb d ^^ 1 Jib 1 1 d^° dJ J i ft ^ a .A^S ^S jaa (_g-A-i ^y-i Lula ^S ^ I ft a (_gS LjLS. (^gAil-AajJ 

^LaaijJ IS yjySudi I ^ I ^ a y ^S (_gJd ^_g-ijS ^jJyi j-jLk 0 j-k (_jaaaS y- y ^1S yya dbj J 

^ ^sS....EIdredge-— 0 jlLI j^l Gould—. jJjS.^u ,-[,„[,„ 

JjISaj ^ dLuLiAA J ^A ~A Li d^Aj^i jjl ^ jS a a Li LijS j^Lk IS ^Jj)! I III I II (^gjLiajJ d^° ?LSlij| M 

"-dfr" i^-*b^ <sj£ ^ d 1 de-° 

^ c?i LS L I j jS eij LsLLa ^jaai ^Sj jai I (_gJ LaAAj I J^j IS i_i i 1 1 1 ^aai — a~a y l_U_a ^S yy-a 

^jaai j^-^aj ^ .jaas L jaaai y- s 1 u ^ai lSa I ^gS Apple Maggots — 1 "..^ n < j 1 1 1 e^-A* 

JJj A I-Saa^a I aSaI ^sJ.j^LaS d^f - ^ J^J^ 1 L JjAi d“^ f d^ e^ J IdA I cAii ^ J^ 1 dd 


I jSSIj 
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cd- 0 J^^A JJ ^-cS4J 0±r> jl^La* LS-iJ *J ^ gd IjJ-} J-jL^ Cj^= <_d^ A ^A 1 cd- 0 ir'-d 

-£g^d 

<_d-! cdA gd gd-^ gd^ g^ gdA j!>* £d-“ J-“-A Lg ^~> n Lg-^ddj -J^ gd^^ JdJ-!^- 0 g^ fl-Sjjl 

L£ L£ ^ ^ £lA ^-i-l J ^ I^A J n I A^. ^jxi I J-ljj^ cd 1 ^ iS^~^ ~d Ld 1 ^ 

a^j ^Eunotosaurus ^ ^ L^ ^a yiu-LI ^ aaj ^Odontochelys ^ ^ 
Grandfather £ jjl Li ^ a^j ^Pappochelys ^ ^ LS L£ ^a jju-Li o** 
j_5^ ^yj I ^ ^ ci^flA .- Ijj j^LL JLu (jjlo 240 JjLLo ^ ^LL^ La ^.jaI l^ Turtle 

9 . ^- 7 > 5 i (J__j-^. cyi I 1 aiiL ^jjjjja jjl > . q I" n & ~;-\ ^-i-u 1 ) a <a~^ 

cd-J gd^ gad ^ A- ^ cgA 1 jA* a <_d-J g~^ u' —Aj^'Ud cdA cdd gJ-° Cj^= 

A^A-gdd Ldd dd gJ-° Jj^ cS* <>A Ld-! gd^A gd^ g d) a ~>^ gd-d^ -^A^ ^A £1 ^ id^ 

^jljj ^ji j) j 1 1 1 ij Intercostal Muscles aii^i > ^ l > ■ 1 Ld^ Cj^ 3 ^g^ 0 ft 

cg^ Lj-oja 1^ ^ LiLj I ^jt-u I ^a ^ I^a L^. 1 a I" ^ ^j-u ^ ^j-u I jl 5 I cd^ cdd < ^ 1 1 n\ a 

- li If Llia - ; jA ■ *\ 'I 1 *S *< 1 1 1 n L ,- 1 1 mI 1 11 


(_A*L j jv® d^AjI dAd' 
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^ jjl t-fll b 

ub-^Ui 1 <s ^ ) 

c^i ue-° 4*?-J J^L?- ebj^ ‘-b^ cui- 1 ^ ^ i_*H c£5^ J uej-J^- 0 ^LSjJ* 


ts^ l^j-j^- 0 c~* -- .!■< 1 *1. 1 u l^ elajjl ^ ^jjjjj^ ^S. ^ oqjq^ - ^-i LiL*. lf-^ Eohippus 

~y Li ^J j 1 1^-3 I ^1 1 nl < n LojJ ^j-A-q ^ ‘ Lj L^. L£ J?,^ ^t_u 1 Sj-ls 

d bj^ jjl ^ uJji^ ebb^ 1 c^Lio ^ ^1 6j LlLo JjI^jj 1^ oLpLp. 

I a Lj I - Lull Cun^ i_^J I 

(J-i-u^s Parahippus ^j-uo ^ 1 < n l < n ^LLo ^ U I n U l ^> a > ^ 

^ -ij- n Ai ^j-i-o MGrychippus jjl Miohippus ^jjjjjLu <_^J I jj ^-ul pi^La . jjl ^ J-a^-oL 

J* <^jl J* ujjl5^ l^-° 1 992-Lijj j^Lki ^ 1^ ^ ^ Lil^U. L£ 

jjl obb^ E-“b ebb cbb^ ebb i_*-° A“^“ > o^l ^ lj-j j-jLJ=> ob b^ b^ E^b^ 09 ' < -b , , * l' " j 

^ ^ UJJl^ UJJL^b 1 - O^-O+r' <3^ ls£ c^ eb> UJJl^ ^ cb j3 i_*H £ f-^ 
cb° lU*^ Lg- ^J^ J* UJJl^ eb^j c^ UJJL^b 1 - d b J 
c j L jj^ (^b^- lj^- 0 cb^-°j J* uJjibb 1 - u' -^b cbi J J^J ^-° uJjibb 1 - u' 

-e^ J J9-J-° 

Uj^ J* 3 J ' ^ l*h E-^b ^b ^ oej-!*- 0 °b ^ ^ u*-r?" 

J jl^jj jjl iS- 1 ^ Lsb'b 1 3^-5^ E-^b C5L9^ lJ^ -0 0&° d> L_ h bn^ 


I jSSIj 


l J J (V® c;^b I OAfjb 
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£g I .lC. (_g^ (j I x^ J^X ^jJL) ^iLo X^X Lx I ^jXXI JjXj I OJ& (_Jwi I JXX I P Lxj I ^gXPlk jX*X (jj-o 

J-jLk Jxic. 5-^>lj 1^ pLSxjI JCCxi c^L?- l 5 ^x 0±° O i>L' ft > J-jLk 

-iS^A ufH 

Jxxi liil ^_i x^ L£ Lx£ ^j£.J ^1 ^jxxi ^^jL ^x^xxLftj ^jjjj 6 Jj-o L^jl ^Jlj ^CLo ^4x1 

p LiLj I ^j-u ^jxi I ^ jxj^ ^ Lx x^ ^x Lj^ j^ Lk j j Lx j Ll* L 4 ^ L Jxxi^s Li I jx J Lxi ^jj I n ^u_i 1 

Ci L ij -^j i ^ ~x (_jL x^ ^4 /j qaiaa - LL Lj ^L L Archaeornithura 3^ (j^L^jj jxix 

^gji (_jL ,j L^ Li^ /j j Lc ^jjli l jj ^ * jjjj xx l 45^. xx ^ 1 1 1 j jxjx J-°^-° *-^j I 

CuSj ^jai I x^ ^-4 LL. LL j^gJftx (£. 3 £--1 JkLxi x^ >_i ^-x] ^jxxi J$4«.j ^-u lA 41 I ^-LjJ t^^L ^ 

I 


- Jj^.J-0 (^Aj ^-Ujj ^-H5-l J-“=£ ^L 


iT 


£ C^ ^aAj jj^jLuLj LjxxSLx L ^jj I j^. x^ ^4 LLx LL (_£3 £ --i ^4x0 | — Sj-f 3 (_$L u^j-jLo ^L pLSxjI 
l£ cL <_>J j^xt ^ 1 *S 1 ft 1 jx Lx J-^. ^y. 1 1 c L| ^-i.^jxx __*\ ^ j^ j Lx jAX I jx I L J L ^_gj LxxL lj 
j^-0< x^JXXOt ^ I ft fl< ^-^jj) ft 1 ^ J-ftj< )-l^ ^ll J^“'- 1 - 1 J-mX Lj \ \\ I I (,^>-^-1 ^ ^r) Cj^xi L^ 

^jlji Oj-u ^LIS ^LLx Jj-lxi ^JA. a JjLxul jju jljI (jj< jJxJi^j^Ji^jSjixiA^o 

-chH c^s* Ji3* (H ^ 1 1 ".;> *-^ &l l^-u Lx L£ 

i^-^L jjjxxul L jilx ( _y-j Ixixi I Ci 1.1 tjL '-^ jjxj ^j^ xi (_jwoLx pLSjjl 
^ 4 - u jl^Lx ^ x^jI jLxCl j^I j^Lx 6j ^ ^ Lj^ j^Lk ^ J4- ^j-} cLj^ JL ^>k ^jjj^Lx 

^gjl^t lj I Jx J J L (_^-ft_l ^,ft.l 5 l ^4-0 ^-XUXX LxCl ^ cri ^Li (Jj-o J^xj 

(jLo ^j^ I jxj JL ^ c>L ^ J^" 1 ^ 4J ^“ 1j L is^ Hair FoINcIg 3 xCc 

I Jjj J L jAJ (jxOJ-aC. J I I ij 1 Jj I Cxfij CCjL yujjJt (jJJ ^4 Lx j-ft-Tx ^4-0 -i*-i J^X ^4-0 Cxu 

.^4 ialc Li^ j^jJjjxj ^gliiijl ^xul jjl ^4 is~^j “-^ji jIjjL Hair Follicles cAA 

Jjxx ^jJU Jjxxjx L-Cc. I ^4^x1 1 ^JX-O ^ ' II~X (j LxU I ^ ^yU ^4^ (_^5 £ - 4 A (^jxoL^. pLalljl 

cy! ^ cC 4 ..i ka .- L jx-i Lb^ j-jLk ^xxi ^jjj^Lx ^jxxijJ 3 Z pIaJI kjLxkl OJ J^xj Jxa 
Vestigial OrgansL JjxAa ^Lx J, pL^I £ ^ jIjjC ^ Lc^l ^1 ^ 1890 ^ 

JxAiLa £-4 jj I £-j (j^xx j^ CaS Lj J jii i i Lxi. ^4 ^jkx^x jx jkxxa J I J J x 4 xj I jj I (_j^ftx 1 80 (_4-J 
^CLo Cxii j_J I Ctil ^j-ij ft ^lo.^ J I n»"i 1 11 1 JxLa p Lkf. I lj ^4 Lx ^4^ 

LV^ x$k Lxu pLSxjl jjl jxxic. .Uxx'Li ^4 j^jwoL^. pLSxjI j S ^jxi^jjxl Jj^xjxi 4 ^.LLo 

^Lxil Immine Function L ^Liljxi jxC^ ^ S ^ £ ^Ljj 4 ^xxkLx v l jlJ 

^J 45 ^- C>L Lkj jL ^Cilj^x JcJj ^ cki (^Lja^. ^x. cki ^Jj j^I ^ Lkj 

^j Lxxi jJLk ^4 jJxj J LaC L^.^4 (_j^4j jkL { xxu jx I xx i Ijxx ^jn^fjx Cxii (_£j^ Cul 

JJI 

^4x1 ^jxi I Ciij £ Jc.Ij ^^xx (_gJL ( _g^ I jk. I jk. jjjk jlxuxL ^Jlj cJL^. ^L ^4x1 CjLi x^I 

JxxaCa ^4 (_£xftx ^4x1 I l^oL pLxjl X^ >_I.~X ^^JXX ^^xxj ^xLxxl ^.l^ L^ ^kjL ^XXX I J^. Jjxxjxi 


I j£lj 
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^ Pineal 9 land j$-ic. Ij ^uL*. ^L L . Lo j C j-L l - ^aj j b^ j * a<~ 

jgj Lxa-i^ Vlj jjgj ^-i ^ O-i Li ^^xiliL-u LAii L Lx L^ J) <^*»r J i /Vq o 

Lij^ Ioj Melatonin o>ojb L ^jL 

^ I ft ->j ( _gwij.A-a. (J-i^j L Lo JaS l-U-ci ^ ftfc J jj I 1 -^- 1 1 UL?^ 0 p liiij I 

Jeii ^ d oe-° j^.j ^lx. ^jjj^Lx J Ij jj-oj ^1 ^ ^ j-;LL ^jjliL 

sLx^l ^ 1 MA ^^i-o Jjl ^ Li ^ J^ijj Jj (^ij-lia ^ ^1 <jL.i} ^ Pelvis Lj jJjj ^ 

Lcuj I ‘ _ * i& * Q ^ ‘ ^ Ll^-j ^ Lo^ i^jji ^ - 1 ^ ^^jj) O ^ ^- ljj lJl3^ ^ l) ^ J3 ^ l) ^ 1 1 1 ^- u u 

-erf (JfH 

^ yri t s 1 " j-j^ ^ Oy-iLi-o ^b c^L=x ob-°j J ujjl^'-?- o^J- 1 jii' u'- lxU ' 
(jxu-i Cjj-f* 1^ f- liiij I Jjj j-j Lo «; Lajj I jj I ^jjyi *■ Lsiij I ^jSLJ yrl L ^i ' J>l ^ ^ UJJ ' ^ '-?■ 


-lAH f 


L*L Lje-° 

eb^bj jiL ^ .b^e- 0 ^ ul^“ ^ c5L?^ J ^ uej-J*- 0 ^ 

cyi ^ 0^ — ! ■ ■ , - » l - 1 ,j c5^b' je* cO oir^' ^ ^ o“ \ -£~>l lj^- 0 4>e-j ^ ujji^k 1 - c^b 

L d-ou^i i . q I" n c j L ^-o-l-'f- I Ji I. . ^.L'lsk-o / - < N I i ^Lo 0^(0 1-^-1 1 ^£-J-i& Jj O^-oj 6 J *-^j 0 i 

Li L^ LL l£ ^ jj)_9-i U- ^xxp. i-^-i I ^Jic. I (^-A-i ( _jxlx<^ ^ ^ Lli Liii L x2x (^jy* 

S ^1 I^jj-J-J ^Jj-O ^i^.J.0 ^ ^lAijI ^-Uj oi. ^1 JfOi-0 jljI jii oij ^jnl jljI ^ J£-Oo 

I - ^- ■ i ^ ^jJy-l ■ " 'il i LLo r^_ ^ 1 1 ^ 5 ^ Lll I J-i ^ '-5 1^ ^-0 Lu ^1 i nl i n ^jxi I 

-i^-jjb 1 - ^ ub^ ^ c^b^-j-j Jd>^ oi- 0 -^ ub-^ J .) ' ^' J-°^-° ^ 

Central J-a£. ^ jioo ^jjjloU. ^.Loii ^ O'b 1 O^JJv c:' 0^' L?“^ (^aLa. ^Laiijl 

j_ 5 ^ ?liiijl ^ ^ (_joj j-<&j jL-^^ j'o^ ^Loi dLaiijl Dogma 

^ji J j J I Oiii ^ i *S \ S\ i £ LSiij I (_5>-3*-S b l‘ ^ Liu Lix (J-i I uxui 

Li U.^ ^ l^ Li «; LSjj I (jxi I ^ i_i^- j Lj^j-i l^ ^ j “LSt^-S j I ^-i Ls». ji-Q ^i lii I ^.u 

i__aiiLk. ls^ f " 1 | b^ ^i ij-^ (jLiLioii Ijj ^iVLo cy 1 ^ o^"° cj^L^b lObb^ 1 ' 

^ ^l ^ L-uii ^ jLjJal l^ oLi ^l xJj-<-i3i ^ liij Lu ^.l£Li Immunity L o-*.sl j-o 
cy^ ls 4^ ^ b cbj-* cy- 0 J b-° ctf^^-yy! ts-UJ-i cy-^ J b-° ~i jj ' cy ts-UJ-i *s-i j ^ ' 

- L“ Oh 1 ofr^ Jibb 1 - yy^ o^b'o^b ^ 
ju J, Plica Semilunaris ^ ^il J\j ^ L- .JL ^ j^ii ^Luii 

OAiA^.-(_£_A-i J^ii] i 1 1 j < jljj^.1 j oL] jjjL^. ^-jLoj ^ 3 £.J (jjj^Lo eLalijI 

V b £ 0 J ^ ^ l-^- 1 1 J-O^- -Lii-o i-^j I ^^i-o J^-il .-‘N I ' 0^(0 i^-i Liili o liiij I ^yj ^_i 
Lacrimal Gland L i"i l ^bb yyj^ ou^-Lj < 1 o'jls^ o^j.^ ^j^ -aS L] 
^jj) <1 ^i ij^Lc. ^yj L (_g. L£ ,&5Li1 Li ^yi Li Ij ^ ^ b - ^ ' c^° -A^jl ou_ 5 -L_j I uj 


I j£Ij 
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^jZjj u Lic^ Cj-^ Lj ^ ■ cu ^ ^ Lfijj I ua Lj^-j C-U G jKj J-c ^)-lo 

- ^ ^_i Ltiu ^s£k ^*N \ I ‘ ] (S^ L)^ ^ / ~ m £. JL 9 ^ L^- 1 j>> L^ ■ I ^lyj ^ ■ ‘ ■ Lj I ^ l^H 

l£ ^ djA A 3^9“ J-J ^ 03^ A c*H AA C 5 L?^ J ^ 1 ^- c^ 

^Lj ^ £r$~? ^jj-o oiAaA . ^ l-j.^.-^ j^Llxu pIajjI Grasp Reflex — J-o^- jL^jjS. 

- er) is-l£ j^Lia jS Motor Development — Lajj-Juj L _^y^. AiL-u AiL-u ^ dj-? ^ > » 

^.jjj-u L 6jLo £. ljj Testes L j ■ ^ j^Luji ^ is^^ ^ ^ Li-3 1 

^S. ^ Lij^ j-jLLa Ljj jl j ^s. l£ Vas deferens — ^Lj ^3 d 3 •$> JaHo ^yy* Jj^Lj j . a<~ 

AJ^ I H ^jJLi ^-_1 ^_1 ^_1 ObA AA^i j _!..: : £ I I Af I ^uUiiA .-■■ - jJ-sLa J I J *d Leu 

^Li. ^ clik>l S ^ ^ d 3 J ^ L?sl fL^ 1 ^ dA f-dd AdA A d' jj I L^jjjoiu ^ jl< dA 

^Lki ^-j Lugj «;Lijjl ^ < I <J Jj-i j (_£-&_> ^J-ul 

1 " ^ , — if ^jxi I Id LJa^jt-u L j . „-"< ^ jl5 I 1 ^ J I I-a. L$ ?: Lilij I 

I^.'^i.a. I Q-a-l (J-a£- P Ujj I t—S^Lk L d^J-u ^jn I 

L ^ I ' J u ^ I ^ J L J Lo Ijj ^-k I i_Sjj-!a j.j-j i.'ii^. ^Lijij ^- 1 *-^ J I 

Lj>j o±r* ^ jjj-^ ^ 

Macro AA A ^ jjjjjjijLwi jA^L-® ji-^A jji ^ ji-^A 

a a i \ ^j-i jI.uLa 1 1 *s J ^ - ■. d 4 -*^ ls~* ^l^®l — a l£jI ^ ljj Evolution 

-llLo Ojkl dA L^ ^1 ^ Cl Jlil ^ 
I ,J I <Ulf ^-J-It-L.l Lu £-.1 jJki c ^ c Lijj I ^jjj Ljj-J (J-A- 0 d-9 ® 1 ^ ® I Jj-O Ljj ^yj I 

11 I ^ ^ t it L. t i. * ! N ^ J ^jxi I 6 jLi^ 

p lijj I i_^j Lutu I ^ 9 >xjj ^ 4 -*j ^ I Li d^ 1 ) 1 I j»d I 6 j- d d 41 - 44 *-^- 4 1 4 1 ^ 

^ t3e-°j A c^J L^ 1-^- eje- 0 jlj! d i?Ah ^ 

j^-2^ ^ i 11 j^)- 44 ^ Lo jki Luju I Lj^< Laj 1 j I ' " . " 4 1 !>■> d^< Lit L- 1 (_j Ly^ l >i ^-^ j Li] 

JLu j-luj Ajjj C'%i ueA 0±° j 3t^J uA-^ L ^jL 4 - 44 UJjA A Ai OiA Lje-° 

S I^lxi ol?A f4 1>® i^- 0 - 1 -^ dA ^ jAj 

^J- 44 J 31 (S^3^ 6 J ^9“* l-^H 4 — d 4-44 L-l d)V l£g n I dl3^ (^J&jLuu ^ 111 ^ dj ? 44 1 ^ 44 ^^J- 44 1 ^ JlO 

_ l£ ^y L. Li j i 1 £. j-jj d 4 ^ - 1 1 " ' ' L-® 44 dl ULiu L I 1 1 1 

- IS ^ij j Iku I 1 ^ o V [jj-u jaLo jj I Ij ^kcLi-a < 3^-0 LS 


Jj I ll~^ 4 '-N- 
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